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@ Radiopaque stent markers. 



@ A radiopaque marker associated wrth a stent 
which is adapted to be impiantad into a body 
lumen of a paUent to maintain the patency 
ther^f and a convenient and aasurale nnethod 
for affixing ttie radiopaque nr^er to the stent 
The radiopaque mmkm defining an acceptable 
profile and capable of facilitating, under 
fluoroscopy, the identlUcation of the position, 
diameter and length of a stent without obscur- 
ing the lesion being repaired and without im- 
peding the deformation of an expandable stent 
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BACKGROUND OF THE INVENTION 

This invention relates to endoprosthesis devices, 
generally called stents, and, more particularly, radio- 
paque markers for use with endoprosthesis devices. 

Stents are useful in the treatment of atheroscler- 
otic stenoses in blood vessels and are generally tub- 
ular shaped devices which function to hold open a 
segpient of a bioiKj vessel or other anatomical lumm. 
They are particularly suitable for use in supporting 
and holding back a dissected arterial lining which can 
occlude the fluid passage way therethrough. 

In order to accomplish precise placement of 
stents, various means are employed to identify the 
pmltion of the stent within a blood ve^l. One means 
frequently described for accomplishing precise place- 
ment of a stent is the attachment of radiopaque mark- 
ers to the stent so that through the use of fluoroscopy, 
the position of the stent within a blood vessel can be 
identified. Once the stent with its radiopaque markers 
has been Innrdanfed, subsequent checkups of the 
trebled segment are easily performed since the 
markers remain visible under fluoroscopy. 

Conventional radiopaque markers, however, 
have varkm limitafons. Upon attachment to a stent, 
certain conventional radiopaque markers define a 
profile that is readily discernible from that of the stent, 
thereby onnprising projections which may undesir- 
aWy dter ttie contemplated profile of the stent That 
is, these conventional radiopaque markers protrude 
from ttie walls of the stent and depending upon their 
location upon the stent, may either proje<^ Into the 
blood flow or into the walls of the blood vessel. In skJ- 
dition, these conventional radiopaque markere are 
limited in that their attachment to the stent can be te^ 
dious and imprecise. 

Other conventional radiopaque markere restrict 
the expansion capabilities of an expandable stent by 
adding rigidity to the stent in areas designated for 
stent deformation. Still other conventional stents util- 
ize material, such as tantalum, that Is effecthre for use 
in Identifying the locatk>n of a stent within a vessel, 
but f luoroscopicaliy illuminate so brightly so as lo ob- 
sciHie proper visibility of the blo<Ki vessel lesion, 
thereby impairing the ability to repair the lesion. Final- 
ly, conventional radiopaque markere do not generally, 
und^ fiuorc^copy, provkie the operator with mearm 
to accurately assess stent length and diameter. 

To overcome the problems and limitations asso- 
ciated with stents having conventional radtopaque 
markere, it would be desirable to employ radiopaque 
markere that can be consistently and precisely at- 
tached to a stent, that do not limit the expansion ca- 
pabilities of an expandable stent, that define an ac- 
ceptable profile, that provide means to assess stent 
length and diameter and that do not obscure the blood 
vessel lesion being repaired. 



SUMMARY OF THE INVENTION 

Particular embodiments of the invention provide 
a radiopaque marker that may be consistently and 
5 precisely affixed to a stent, that does not limit the ex- 
panston capabilities of an expandable stent, that has 
an acceptable profile and that may effecth^ely identify 
the position, diameter and length of a stent within a 
blocxl vessel with<Hit obscuring a lesion being re- 
10 paired. Certain embodiments also provide means for 
affbcing to a stent a radiopaque marker having the 
afof^entioned characteristics. 

A radiopaque marker embodying the invention 
may be utilized with stents having various geometric 
shapes and materials. In addition, the radtopaque 
marker may be positioned anywhere on a stent and 
may comprise any plateable radiopaque material hav- 
ing various patterns. Further, any acc^table means 
for affbcing the radiopaque nmarker to a stent may be 
employed. It is preferable, however, that the means 
for attaching a radiopaque irmrker, Its focatlon upon 
a stent as well as the material and geometric shape 
of the stent, be selected so that a stent incorporating 
the radiopaque marker embodying the invmtion may 
benefit from the advantages provided thereby. 

In a preferred embodiment, the radiopaque mark- 
ere of the present i n ventfon are af f bced to both a dis^ 
and a proximal end of a generally cylindrical stent. In 
this embodiment, the radiopaque marker material is 
gold and is aff ixed to the outside dromiferenoe of a 
generally cylindrical stent by means of platfrig. Al- 
though gold is the designated material of this embodi- 
ment, other biocompatible plateable radiopaque ma- 
terials, such as platinum, are equally desirable. Plat- 
ing is preferable since it can be perfomned easily and 
with accuracy and can be utilized to produce an ac- 
ceptable radk^aque marker profile. It is contemplat- 
ed that the thickness of the nediopaque marker mate- 
rial upon a stent be in the range of about 0.008 to 
0.080 mm (.0003 to .(K)3 inches) on the exterior sur- 
face of the stent, and if required for fluoroscopic illu- 
mination, the same thkskness can be plated to the in- 
ner stent surface. It is also conten^ated that the 
stent may comprise any material, Iw example any 
metal or plastic, upon which gold may be plated. 

Although radiopaque material may be plated on 
only a portton of the ciroumference of ttie stent, in a 
prefemed embodiment it is contemplated that the en- 
tire chrcumference of the stent be plated, thereby pro- 
ducing a stent with a band of radiopa<^e material at 
its distal and proximal ends. Moreover, it is significant 
that only the ends of the stent are plated and that gold, 
or a similarly effective material, may be selected as 
the plating material. Plating provides controlled de- 
position of the radiopaque material on the stent there- 
by controlling its f lum^oopic illumination. By plating 
only the two ends of the stent, the fluoroscopic illu- 
mination is thus 11 mited to the ends of ttie stent These 
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two features minimize the possibility of obscuring the 
fiuomscopic visualization of the blood vessel being 
tr^ted. 

In addition, by plating with radiopaque material at 
both ends and upon the outside of a generally cylin- s 
drical stent not only can the location of the stent be 
determined under fluoroscopy, but the length and di- 
ameter of the device can be determined as well. This 
is particularly useful whane the subjrat stent is ex- 
pandable, since the degree of expansion can be as- io 
certained by noting the height of each radiopaque 
marker and the relative distances between the radk>- 
paque markers. Further, it can be determined under 
fluoroscopy whether or not the stent Is twisted or 
otherwise Improperly seated within a blood vessel. i$ 

In order to successfully plate gold, or any accept- 
able radiopaque marker material upon a stent, the 
stent is placed upon a mandrel, then Is masked and 
plated. In a preferred procedure, the stent is placed 
upon an elongated cylindrical mandrel, masked with 20 
shrink tubing, portions of which are lased away to ex- 
pose the areas of the stent desired to be plated and, 
thereafter, plated with the desired radiopaque mate- 
rial. It is contemplated that the mandrel may comprise 
annular recesses which functbn to allow portions of 25 
an inl^ior carcumference of a stent, as well as the ex- 
teriw of that stent, to be plated. 

Subsequent to the completion of the plating pro- 
cedure, in a prefened procedure the shrink tubing is 
d^aohed from the stent and the stent is removed so 
from the man<ftrel. It is contemplated that the shrink 
tubing may be cut from the stent utilizing a laser. Al- 
ternatively, the shrink tubing may be dissolved with 
chemicals. It also is contemplated that the shrink tub- 
ing bepre-1abricatedorcuttosize(bymeanscrfalas- $$ 
er) to precise dimensions, so that the tubing properly 
can perform its masking f unctton. 

Since a |»irferred embodiment contemplates gold 
plating as the avenue for affixing iBdiopaque markers 
to a stent, and since gold plating may stiffen a stent 40 
in the aeas of plathg, it is ccmtemplated that expand- 
able stents may be plated in areas where additional 
rilgidity does not affect the expansion capabilities of 
the stent. Thus, portions of a stent that do not deform 
upon expansbn are plated with gold or the desired ra- 45 
diopaque material. In this way, the stent can freely 
and unifbnnly expand and elasttedly defmn without 
additional restrictions, thereby accomplishing its ex- 
pansbn function while still benefitting from the ad- 
vante^es of the present invention. 50 

In another embodiment, the entire exterior sur- 
face of a stent is plated with radbpaque material. 
Th^eafler, the portbns desi^imted to retain radbpa- 
que material are masked and the radiopaque material 
is etched away from the remaining portions of the 55 
stent 

In yet another embodiment, a generally cylindri- 
cal stent is fitted with radiopaque markers having 



some geometrical configuration or placed upon a 
stent in some pattern. For instance, a radiopaque 
mariker may comprise a sine wave pattern so that un- 
der fluoroscopy, the oonfiguratbn of the stent may be 
quickly ascerteined. That is, it can be readily ascer- 
tained whether the stent Is Improperly twisted or con- 
torted and, in the case of an expandable stent, wheth- 
er the stent properly has been deformed. 

Other features and advantages of the present in- 
vention will become apparent from the following de- 
tailed descrlptbn, token in conjunction with the ao- 
comparting drawings, whbh illustrate, by way of ex- 
ample, the iHindples of the Invention* 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1A illustrates a partial view of a stent 
embodying radtopaque markers. 

FIG. IB illustrates a partial view of another stent 
embodying radiopaque markers. 

FIG. 2A illustrates a schematic view of a stent 
embodying radiopaque markers. 

FIG. 2B illustrates a schematic view of another 
stent embodiment havhg radbpaque markm. 

FIG. 3A illustrates a perspective vbw of a man- 
drel having annular recesses. 

FIG. 3B illustrates a perspective view of a man- 
drel without annular recesses. 

FIG. 4A illustrates a partial cross-sectional view 
of a masked stent loaded upon a mandrel tmving an- 
nular recesses. 

FIG. 4B illustrates a partial cross-sectional view 
of a ma^ed stent loaded upon a mandrel without an- 
nular recesses. 

FIG. 5 illustrates a schematb view of the stent 
having two rows of radiopaque material dong the 
longitudind axis in additbn to the radiop€K:|ue mate- 
rial on elth^ &ui of tt^ stent 

DETAIUED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As is shown in the drawings, which are included 
for purposes of illustration and not by way of limite- 
tion, there is provided a radiopaque marker 1 0 (FIGS. 
1 and 2). Conventional radiopaque markers ara limit- 
ed in that they may comprise undesirable projections 
extending from a stent may be arduous to attach, re- 
strict the expansion capabilMes of an expandable 
stent and may be Ineffective in the identif Icatbn of 
the position, orientation and configuration of a stent 
The illustrated radiopaque marker 10 defines an ao- 
cepteble, y&ry low, profile, convenbntly may be af- 
fixed to a stent does not impede the expansion ca- 
pabilities of an expandable stent and may be useful 
in identifying the position, c»ientetion and configura- 
tion of a stent within a blood vessel. The illustrated ra- 
diopaque marker therefore, provides superior means 
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of marking a stent 

The illustrated marker facilitates precise place- 
ment of a stent 12 by way of Its rmvel conf Iguratton, 
position upon a stent, and material properties. The 
characteristics of a radiopaque marker 1 0 are select- $ 
ed to assure that a stent 12 mibodying the radtopa- 
que marker 10 may benefit from the advantages 
which the inventton provides. Thus, radiopaque mark- 
er 10 may have various gecmietric shapes, comprise 
various materials and may be positioned anywhere on io 
a stent 12, so long as the desired advantages of the 
inventton are achieved. 

In a prefen^d embodiment, radiopaque marker 
10 is plated upon an outer circumference of a gener- 
ally cylindrical stent 12 and upon a praximal end 14 is 
and a distal end 16 of the stent 12. In another embodi- 
ment, it is contemplated that an inner circumference 
underlying the outer circumference be plated as well. 
By utilizing plating as the means for affixing radfopa- 
que marker 10 to a stent 12, a minimum profile may 20 
be achieved. It is contemplated that the thickness of 
radiopaque nnarker 10 be in the range of about 0.008 
to 0.080 mm (.0003 to .003 inches) . As such, the ra- 
diopaque nnarker 10 does not appreciably alter the 
profile of stent 12 and therefore, does not result in 2S 
stent 12 having substantial projections extending into 
the t4ood flow or Into the walls of the btood vessel be- 
ing repaired. 

In addition, by plating or similarly affbdng radio- 
paque material upon a stent, radiopaque markers 10 so 
easily and accurately can be affixed to a stent That 
is, plating is an improved means of affixing radfopa- 
que material to stent 12 over conventional means of 
affixing radiopaque markers, such as sewing or bond- 
ing, which can be tedious and imprecise. 35 

Although it is not necessary for all embodiments, 
the preferred embodiment contemplates that the en- 
tire cftcumference of the stent be plated at both its 
proximal end 14 and distal end 16. It is also contem- 
plated that the plating material may be gold or a ma- 40 
terial, such bb platinum, which has sinrriter radiopaque 
characteristics . 

It is significant that gold, or a similar material, is 
contemplated as the pref^red radiopaque marker 
material. Other metels suitable as radiopaque mark- 4S 
ers include, for example, platinum and silver. By se- 
lecting such a material, the stent may be eflecth^ely 
identified under fluoroscopy. In various conventional 
stents, the radiopaque material employed glows so 
brightly under fluoroscopy so as te obscure ttie lesion 50 
being repaired. In contrast, the images of radiopaque 
markers comprised of gold or platinum do not, under 
fliKTOSGopy, substentteiily obscure the lesion being 
repaired. 

It is also significant that the preferred embodi- 55 
ment contemplates affbdng rodiopaqae markers 1 0 to 
the ends of stents 12 having various geometric con- 
figurations (see FIGS. 2A and 2B). By doing so, the 



orientation or configuration of the stent 12. irrespeo- 
tive of its geometric configuration, can be ascer- 
tained, whi<rfi is particajlarly important to the determi- 
nation of whether a stent has completely repaired a 
blood vessel. By noting the distance between the ra- 
diopaque bands, the length of the stent 12 can be as- 
certained and compared to an expected stent length. 
By observing the height or width of the radiopaque 
markers 1 0, the extent of expansion crfan expandable 
stent 12 can be ascertained and compared with ex- 
pected values. Similarly, by examining the radiopa- 
que m^rkei^ embodying the invenljkm under fluoro- 
scopy, ft can be determined whether the stent 12 is 
twisted or otherwise improperly is seated within a 
vessel. 

The plating of radiopaque markers upon a stent 
may add some rigidity to a stent in the areas of plat- 
ing. Since this is the case, the preferred embodiment 
contemplates affbdng radiopaque mariners 10 to only 
those portions of an expandable stent 12 that do not 
defonmupm expansion. As shown in FIGS, la and lb 
for example, radiopaque markers 10 may be affixed 
to straight segments 18 of the proximal end 14 and 
distal end 16 ctf a stent Upm expanston, tto curved 
portions 20 of the stent 12 may deform so as to allow 
the stent 12 to expand, while the straight portions 18 
may remain undefbrmed. By affbcing r^topaque 
markers 10 to the straight portions 18 of stent 12 as 
shown in FIGS. 1 Aand 1 B, the additional rigWity add- 
ed to the stent 1 2 by the radiopaque markers 10 does 
not impede expansion. Therefore, an expandable 
stent having radiopaque markers 10 embodying the 
invention can expand uniformly and predictably. 

In order to plate a radiopaque marker 10 upon a 
stent 12, a mandrel 30 may be employed {see FIG. 
3A) . The mandrel 30 may comprise any suitable n>a- 
terial formed into an elongate cylindrical shape having 
a main portion 21 with a cross-sectionai diameter 
sized for receiving stent 12. The mandrel may further 
emb<Kly a cdlar 22 f<»rmed or attached to one end of 
the mandrel 30 that h&s a cross-sectional diameter 
larger than that of stent 12 and two annular recesses 
23 fonnned in tiie main portion 21 which have cross- 
sectional diameters less than that of the main portion 
21. The collar 22 functions as a stop and may aid In 
registering stent 12 upon the mandrd 30. Annular re- 
cesses 23 functton to allow interior ^rbces of stent 
12 to be plated. In another embodiment of mandrel 30 
(FIG. 3B). recesses 23 may be sufficiently shallower 
be mfasing enthely from mandrel 30 so that where 
desirable, interior surfaces irf stent 12 are not plated 
with radiopaque material. 

In a preferred method, stent 12 placed upon 
mandrel 30 and heat shrink tubing 32 {see FIGS. 4A 
and 4B) is slipped over stent 12. The heat shrink tub- 
ing 32 Is ihm exposed to heat to shrink the tubing on 
the stent 12. It is contemplated that the heat be con- 
centrated at a midpoint of the heat shrink tubing 32 
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and then gradually apply heat towards each end so as 
to prevent distortion of the stent. The shrink tubing 32 
may be any poiyest^ having heat shrink propertira 
and the ability to mask the stent during the dectro- 
plating process. $ 

Once the heat shrink tubing 32 » snug uihhi stent 
1 2, the stent may be precisely positioned on the man- 
drel 30 and then temporarily secured In place using a 
high tempeiB&re ymsL Where It Is desired to i^ate an 
interior as well as an exterior surface of stent 1 2, the io 
annular recesses 23 may be aligned with the interior 
portions of the stent 12 desired to be |4ated (see FIG. 
4A). Where it Is deemed undesirable to plate the In- 
terior surface, no such further alignment Is necessary 
(see FIG. 4B). Next, the curved portions 20 (F®. 1 B) iS 
of stent 12 as well as the ends of the mandrel 30 can 
be dipped in high temperature wax to prevent them 
from being plated. 

In order to plate the desired portions of stent 12, 
the heat shrink tubing 32 surrounding portfons of the 20 
stent 12 to be plated may be cut away using a stan- 
dard CO2 laser or its equivalent The laser output is 
to be limited so that stent 12 and mandrel 30 are not 
affected. By utilizing a mandrel 30 without annular re- 
cuses (see FIGS. 3B and 4B), portions of the heat 2$ 
shrink tubing 32 may be las^ away so that only the 
outer circumferences of stent 12 may be plated. By 
employing the mandrel 30 Illustrated in FIGS. 3Aand 
4A. portions of the heat shrink tubing 32 overlaying 
annular recesses 23 may be lased away, thereby re- $0 
suiting in a stent 12 having desired portions of its in- 
terior as weH as Its exterior plated with radiopaque 
material (see FIG. 2B). 

As with any electroplating process, an electrical 
cuirent is u^ in the process of putting a metallic 35 
coating on a nnetal or other conducting surface. In the 
preferred enibodlnnent, a gold solution exists in the 
form of positively ctmiged ions that have lost one or 
more electrons. The stent is connected to the cathode 
or negative terminal and the anode, or positive elec- 40 
trie terminal, is coni^^d to the stainless steel man- 
drel 30 whfch is dipped into the gold solution. The ions 
are attracted to the cathode and the coating Is depos- 
ited on the stent nnetal surfisK^. As Is known In the art, 
the thickness of the layer deposited depends on the 4S 
amperage of the electric current, the concentration of 
the metallic tons and the lengtfi of time that ttie stent 
is plated. The plating process should be at a l<w 
enough amperage to prevent mapping, nodules, or a 
matte surface. 50 

After plating the gold on the stent, the wax is re- 
moved from stent 12 and mandrel 30 by inserting the 
two elements Into acetone or an equivalent solution. 

As can be appreciated from the drawings (FIGS. 
2Aand 2B), the end portions 36,38 of a stent 12 which s$ 
are not masked, are plated with radiopaque material 
and the portions of ttie stent 12 which are masked, arB 
not plated. 



Once the stent 12 is plated with a radiopaque 
marker 1 0, it Is removed from the mandrel 30 and the 
heat shrink tubing 24 is stripped away. The heat 
shrink tubing 24 may be removed, for example, by 
cutting it with a laser or in the alternative, dissolved 
with chemksals. Finally, the nnandrel 30 Is withdrawn 
from the plated stent 12 and the stent 12 may be 
cleaned with an alcohol-containing solution such as 
"AteonrKix," or equivalent solution. 

In another embodiment, the entire exterior sur- 
face of a stent may be plated with radiopaque nrate- 
rial. Subsequent to plating, the stent 1 2 Is masked and 
subjected to etehing. In this embodiment the areas 
designated to retein radiopaque material are masked 
and the radtopsK^ue nnaterial Is etohed away from the 
remaining portions of the stent 

In yet another embodiment, radiopaque markers 
havifQ soir^ pattern are aff bc^ to a generally cylin- 
drical stent so as to facilitate the identif icatton, posi- 
tion and configuration of a stent 12 within a blood ves- 
sel. Ffx- example, the pattern of a mdk^que nnarker 
1 0 nnay be in the form of a sine wave. As the sine wave 
expands along with the stent durhg deployment, it is 
visible under fluoroses and it can be d^nmined 
whether the stent 12 is properly seated within a blood 
vessel by viewing the amplitude and shape of the sine 
wave radiopaque mariker. As another example, as de- 
picted in Fig. 6, the pattern 13 of a radfopaque marker 
10 may be a continuous or dashed line extending 
from the proximal end 14 to the distal end 16 (rf stent 
1 Z Along itudinal marker of the type described will al- 
low the doctor to determine if the stent has twisted 
upon deployment or if it expanded unevenly. 

In an alternative embodiment, a radiopaque plas- 
tic may be coated or aff bced to all or a portion of a 
stent In this embodlnrient, a radiopaque plastic » 
fonr^ by losKiing a plastic material with a radiopaque 
material su<^ as barium sulfate or bismute trioxkie. 
The resultant mixture Is then coated or aff ixed to the 
stent Several methods of aff bang the radiopaque ma- 
terial to the stent am oontemrrfated and include: (1) 
melting the radiopaque material and then dippir^ the 
stent frito the melt (2) sdvent citing; and (3) vacuum 
deposftton. These methods are known generally and 
various process steps are apparent to those skilled in 
the art As with the plating process steps described 
above, the stent can be ma^ed aiKi mounted on a 
mandrel and then coat^, by dipjrfng, m^ent casting, 
or vacuum deposition. 

From the foregoing it will be appreciated that the 
radiopaque maricer described effectively identifies 
the locatton and configuration of a stent within a pa- 
tienf s body lumen of a patient and provkles a nnethod 
and apparatus for constructing the same. 

While several particular forms of the invention 
have been Illustrated and d^o-ibed, it will also be ap- 
parent that various modifications can be made w'rth- 
out departing from the scope of the invention. Thus. 
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it should be understood that various changes in form, 
and detail, and application of the present invention 
may be made without departing from ttie scope oT this 
Invention. 



Claims 

1 A radlopaciue maricer (1 0), comprising: a band of 
radiopaque material affixed by means of plating io 
to at least a portion of an outer circumference of 
a ^n^ly cylindrical stent (12). 

2. The radiopaque marker (10) of claim 1, wherein 
said radiopaque marker m affixed adjacent a is 
proximal end (14) and adistal end (16)af the gen- 
erally cylindrical stent (12). 

3. The radiopaque marker (10) of claim 1 , or claim 
2 wherein said stent (12) is expandable and conh 
prises a deforming portion (20) and a non-de- 
forming portion (18), the radiopaque marker be- 
ing affixed to said non-deforming portion (18). 

4. The radic^aqiie marker (10) of any preceding 25 
dalm, wherein safad radiopaque material compris- 
es a metal taken from the group of gold, platinimi 

and silver. 

5. The radiopaque marker (10) of any preceding so 
daim, wherein ^id band of radtopaque material 

has a thickness in the range of ap^Mraximately 
0.008 to 0.080 mm (.(K)03 to .003 inches). 

6. The radiopaque marker (10) erf any preceding 35 
dalm, wherein said band extends a full cirpumfer- 
ence of a portion of said stent (12). 

7. The radiopaque marker of any preceding claim, 
wherein said band comprises a pattern (1 3). 40 

8. The radiopaque marker (1 0) of claim 7, wherein 
said pattern (13) comprises a wave-like shape. 

9. A medical device for implantation in a blood ves- 45 
sel or artery, comprising: 

an Intravascular stent (12) having a gener- 
ally cylindrical configuration: and 

a radiopaque material (10) affbced to a 
portion of said bilravascHdar stent so that said ra- so 
diopaque material (10) is visible under fluonasco- 
py and can be easily located in the blood vessel 
ex- artery where said stent (12) is behg imrrfanted. 

10. The medical deviceof daim 9, wherein said intra- 55 
vascular stent (12) hm a proximal end (14) and 

a distal end (16) and said radiopaque material 
(10) is coated adjacent said proximal end (14) 



and said distal end (16). 



12. The medical device of any of daims 9 to 11. 
wherein said radiopaque material (10) comprises 
a nfietal taken from the group of metals consisting 
of gold, platinum and silver. 

13. The medical device of any of claims 9 to 12, 
wherein said radtopaque material (10) has a 
thickness in the range of approximately 0.008 to 
0.080 mm (.0003 to .003 inches). 



15. The medical device of any of claims 9 to 14, 
wherein said radiopaque material comprees a 
pattern (13). 

16. The medical device of claim 1 5, wherein said pat- 
tern of said radiopaque material comprises a 
wave-like shape. 

17. A method for affbdng a radiopaque marker to a 
generally cylindrical stent (12) comprising the 
steps: 

pladng said stent (12) upon a rr^drel 

(30): 

attaching masking nnateriai (32) to a por- 
tion of said stent (12): 

coating at least a portion of said stent (12) 
with a radiopaque material: 

removing said masking material (32) from 
said stent and 

removing &gM stent (12) Inm sahJ mm- 
drel (30). 

18. The method of daim 17, wherein said masking 
nnateriai (32) is a heat shrink tubing, which is 
heated and applied to a portion of said stent (12). 

19. The method of daim 17 cm* claim 18, wherein said 
coating step indudes plating a coating of metsril 
on a portion of said stent (12), the metal taken 
from the group gold, platinum and silver. 

20. The method of any of claims 17 to 19, wherein 
said coating step indudes coating a radiopaque 
plastic on a portton of said stent. 

21 The method of any of claims 17 to 20, wherein 



11. The medical devioeof claim 9, or daim 10 where- 
in said stent (12) is expandable and comprises a 
5 deforming portion (20) and a non-deforming por- 
tion (18), and said radtopaque material (10) is af- 
fixed to sakl non-defomning portion (18). 



14, The medical device of any of claims 9 to 13, 
20 wherein said radiopaque material (1 0) extends a 
fuB circumference of a pcxtion of said stent (12). 
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said coating step includes dipping said stent (12) 
in a solution of radiopaque plastic so that said 
POTtion of said stent receives said coating of ra- 
diopaque plastic. 

5 

22. The metlTod of any of claims 17 to 21, wherein 
said coating step includes solvent casting a radio- 
paque plastic on at least said portion of said stent 
(12). 

10 

23. The method of any of claims 17 to 22, wherein 
said coating step includes vacuum deposition of 
a radiopaque plastic on at least said portion of 
said stent (12). 

IS 

24. The method of any of claims 17 to 23, wherein 
said masicing material (32) is pre-fabricaled to 
pre-determined dimensions. 

25. The method of any of clainns 17 to 24, wherein 20 
%id masking material (32) is cut to desired dl~ 
mensions once placed upon said stent (12). 

26. The method of claim 25, wherein said masldng 
material (32) is cut to desired dimensiorm by use 2$ 
of alas^. 

27. The method of any of claims 17 to 26, wherein 
said masking material (32) is removed by using a 
laser to cut saM nnasking material from stent 30 
(12). 

28. The method of any of claims 17 to 27, wherein 
said masking material (32) is removed by dissolve 

ing saki masking mat^al with chemicals. ss 

29. A method for affixing a rad iopaque marker (1 0) to 
a generally cylindrical stent (12) comprising the 
steps: 

placing said stent upon a mandrel (30); 40 
(dating ^Id stent with a radiopaque mate- 
rial; 

masking a portion of said stent with a 
masking matericd (32); 

etching said radiopaque material from an 4S 
unmasked portion of said stent; and 

removing sahJ masking material f rcmi said 

stent. 

30. The mettiod of daim 29, wherein said plating step $o 
includes depositing a coating of metal on a por- 
tion of said stent, said metal taken from the group 
gold, platinum and silver. 

31. The method of claim 29 or daim 30, wherein said ss 
plating step indudes depositing a coating of a ra- 
dk>paque material on a portton of said s^t (12). 
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Stents for Bailout and Restenosis 



Spencer B. King III, 



The mechanism of coronary angioplasty is expansion of 
the constricted arterial lumen to produce cracb in the 
intima, various degrees of splits into the media, and of- 
ten separation of die plaque from the vessel wall. After 
die balloon is deflated and removed, the arterial pres- 
sure keeps the artery open, but some recoil of the tis- 
sues results in a lumen that is consistendy smaller than 
die inflated balloon* On average that recoil amounts to 
about 30% of the diameter or 50% of the cross-sec- 
tional area. Closure of coronary arteries after angio- 
plasty is obviously multifactorial, but the decreased lu- 
men just after balloon deflation may play a role in bodi 
acute closure and late restenosis. 

The concept of intracoronary stenting arises from a 
recognised need in some cases to counter this elastic re- 
coil phenomenon and to reattach these separated plaque 
segments. If a prosthetic device is placed in die artery 
afbr balloon deflation, then the vessel may be held open 
to the same size as the balloon and the adjacent unob- 
structed artery. By leaving a larger himen, the chance of 
early redosure and late restenosis may be minimized. 
Some arteries are so severely dissected that acute occlu- 
sion immediately after angioplasty occun. In those 
cases, dissected intimal flaps can be reapproximated to 
result in a restored junctional lumen. Another media- 
nism by which stents are advantageous is by creating 
smoother walls of the dilated artery. The irregular ge- 
ometry created by plaque Assuring and separation from 
the vessel wall is a perfect substrate for piatdet deposi- 
tion and thrombus formation.* Chesebro et al. have 
shown a direct corrdation between the extent of injury 
and the amount of piatdet deposition.'^ Stenting, by the 
mechanism of sealing flaps and cradcs, creates a 
smoother inner surface of the lumen. Whether these 
benefidal effects of scenting, i.c., providing a wide and 
smoother lumen, will translate into a reduced risk of 
acute dosure and late restenosis has been the subject of 



ongoing stent investigations. In this chapter, I will de- 
scribe some of the background experimental work on 
stenting, the various stent designs tiiat are under inves- 
tigation, the use of stents in die setting of acute dosure, 
the potential &>r stents to reduce the rate of restenosis, 
and the ftiture for stents as a local drug ddivery system. 



EXPERIMENTAL TESTING 

Animal testing of stents has been instructive but has 
left more questions unanswered than answered. As early 
as the late 1960s, Dotter was placing wire coil grafts in 
dog femoral arteries and assessing long-term patency.' 
More recendy the Palmaz-Schatz stent and the Giant- 
urco-Roubin stent^ have been evaluated in dog coronary 
arteries. The healing phenomenon is very consistent 
and limited. Within a few days, cells resembling endo- 
thelial cells begin to cover the stent wires, and within 2 
weeks there is a confluent covering. The ncoendothelial 
lining thickens until about 8 weeks, reaches a maximal 
diiclmess of about 200 to 400 ijutn, and then begins to 
regress. Dog coronary arteries examined as late as 2 
years show a thin covering over the stent 

Hypercholesterolemic rabbits with stents placed in the 
iliac arteries developed atherosderosis internal and exter- 
nal to the stent.* At 1 month even though there was exten- 
sive atherosderosis in the stinted segment, the lumen of 
the stented iliac arteries retained greater patenqr than did 
the dilated but not stented control iliac arteries* 

The pig a>ronary model has been used by die group 
at the Mayo Clinic and our group at Emory to test the 
balloon overstretch plus stent placement in an effort to 
duplicate the situation encountered in human angioplas- 
ty. These injured pig arteries sustained significant 
damage, and the healing process produces extensive 
proliferation within the stent. Tlirombosis in the 
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stented segment as a problem, and arteries harvested 4 
hours after stent placement showed extensive thrombo- 
sis. It is felt Aat this normolipemic pig coronary model 
may be the best nonprimate model in which to test new 
strategies for successful stent placem^t 

TYPES OF STiNTS UNDER 
INVESTIGATION 

It is unclear whether the design of stents is of impor- 
tance in achieving the results desired. Nonetheless, 
there are significant differences among stent designs. At 
the present time, more than 20 different stent designs 
have been proposed. The Medinvent stent is a self-ex- 
panding mesh that resembles a Chinese finger splint. In 
the relaxed state it is expanded. When pulled from the 
ends, it constricts in diameter and remains constrained 
by a covering membrane. When the membrane is re- 
moved, the stent is released and expands to the size of 
the artery in which it is deployed. The Palmaz-Schatz 
stent is composed of a cylindrical stainless steel tube 
with slots cut so that when it is eq3anded by a balloon it 
is deformed into a diamond-shaped matrix. The balloon 
expansion of the metal device overtsc«nes any elastic 
component in the metal so that the stent remains de- 
formed in the expanded state. Other balloon-expandable 
stents are made of stainless steel wire similar to suture 
material. The G>ok (Gianmrco-Roubin), Medtronic 
(Wikior), and Cordis stents arc examples of various coil 
configurations. Another stent by Boston Scientific 
(Strecker) is a wire mesh design. All these stents have 
the ability to perform a scaffolding function; however, 
there are differences. The Medinvent and Palmaz- 
Schatz stents provide the smoothest angiographic ap- 
pearance of the dilated artery. The coil stents have 
wider intersdces, and therefore some dimpling occurs in 
the vessel wall at the site of each wire loop. The coil 
stents have, on the other hand, excellent flexibility and 
can therefore be placed in arteries around moderate 
curves. Whether flexibility after placement, as is possi- 
ble with the coil or mesh stents or a rigid artery seg- 
ment as occurs with the Palmaz-^chatz stent, is impor- 
tant for long-term patency is unresohred , 

I 

STENTS AS BAILOUT DEVICES | 
FOLLOWING FAILED ANGIOPLASTY I 

The most obvious use of stent tedmology is for the 
acutely dissected and obstructed coronary artery. The 
Medinvent, Palmaz-Sdjatz, and Cook stents have been 
used for this indication. Closure of coronary arteries 
following angioplasty occurred in 6.8% of patients 



treated in the National Heart, Lung and Blood Institute 
(NHLBI) registry in 1985 and 1986.^ These patients 
who suffered acute closure had a five times greater mor- 
tality risk and a 27% risk of acute myocardial infarction. 
Most of these patients, of course, required urgent by- 
pass surgery. Traditional therapy for acute dosure has 
included repeat balloon inflations and prolonged bal- 
loon inflations, sometimes using perfusion balloons. If 
these measures fail, the usual approach to such patients, 
namely, emei^ency bypass surgery, has in die past been 
effective. The low mortality rate in such patients re- 
ported earlier by our group^^ has been difficult to main- 
tain in more complex patients undeigoing angioplasty. 
Placement of intracoronary stents in diis setting is de- 
signed either as a bailout procedure to relieve the acute 
ischemia and move the patient to bypass surgery or for a 
more permanent restoration of flow. 

TTie Medinvent stent was utilized for acute dosure in 
14 of 105 patients recdving the stent m the early expe- 
rience." In a s^)arate report,^^ the results of stenting 
for acute dosure were detailed; however, most of these 
patients (13) underwent subsequent early bypass surgery 
on a semielecdve basis. 

Our major experience with stenting in the setting of 
acute dosure is with the Gianturco-Roubin (Cook) 
stent This balloon-e^andable stainless steel coil stent 
had been tested extensively in our institution in animal 
models and seemed to be well tolerated. We began in- 
vestigations in the fall of 1987 with a pilot study to as- 
sess the ability of the stent to open the artery. In this 
protocol, the patients were all taken to bypass surgery 
following stent placement*^* This eaqperience showed 
that ischemia could be remarkably reversed by stent 
placement, that the angiographic lumen could be rees- 
tablished, and that normal ai^ographic flow could be 
reestablished predictably. 

Subsequently a protocol was approved for stent 
placement in the setting of an acutely disrupted artery 
in which surgery was not mandated but was left to the 
discretion of the operator. By udlizing this protocol be- 
tween September 1988 and December 1990, 100 stents 
were placed in 93 padents.^^ Patients induded were 
those with complete ocdusion at the dme of or shortly 
following angioplasty that could not be resolved with 
repeat balloon infladons or evidence for imminent do- 
sure that consisted of severe dissections or intraltuninal 
plaque that compromised greater than 50% of the hi- 
men and could not be resolved vrith repeated balloon 
infladons. The decision to move to bypass surgery 
rested with the perceived consequence of recurrent arte- 
rial dosure. Arteries supplying small areas of myocar- 
dium were suitable for continued observation of the 
stent without surgeiy, as were large arteries supplying 
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critical areas of myocardium if good collateral systems 
feeding the distal segment existed. Relative exclusions to 
stenting were diffoeiy diseased arteries, multiple lesions 
in the same artery, the presence of triple-vessel disease^ 
or significant impairment in left ventricular function, as 
well as akinetic contralateral ventricular wall motion. 
The smallest stent size available was 2.5 mm, and there- 
fore segments smaller than this as well as segments in- 
volving severe bends or branch points that precluded 
stent placement were avoided. Contraindications to an- 
ticoagulation or antiplatelet therapy as well as obvious 
thrombus formation in the area to be stented were also 
exclusions. 

Stent placement was accompanied by preprocedural 
therapies of aspirin, intravenous heparin^ and calcium 
channel blocking agents plus dipyridamole, 75 mg, dex- 
tran 40 at a rate of 100 mL/hr, and intracoronary nitro- 
glycerin. The dextran was continued at a rate of 100 
mL/hr throu^our stent placement and then reduced to 
50 mL/hr until 500 mL had been administered. More 
recendy, loiter infusions of dextran have been advo- 
cated. Stents were selected to be slightly larger than the 
estimated diameter of Ae artery since Ais stent design 
exhibits slight elastic recoil. Additional heparin was 
given liberally at least every hour during the procedure, 
and following the procedure a <x>ntinuous heparin infu- 
sion at approximately 1,000 units/hr was begun. Some 
sheaths were removed die same day after a temporary 
discontinuation of the heparin to allow the activated 
dotting time to decline to 150 seconds. Other patients 
received continuous heparin infusion without interrup- 
tion until the next day that the sheaths were removed. 
Following sheath removal a bolus of heparin (2,000 to 
5,000 units) and continued infusion were instituted and 
continued for 3 to 5 days. Further drug therapy, in- 
cluded warfarin (Coumadin) adjusted to raise the pro- 
thrombin time to L5 to 2 times control; aspirin, 80 mg/ 
dajr, dipyridamole, 75 mg diree times a day; diltiazcm 
(Cardizcm), 60 mg 4 times a day, and a transdermal ni- 
troglycerin patch. Creatine kinase concentrations and 
electrocardiograms were obtained serially, and the pa- 
tients were typically disdiarged on the fifth day follow- 
ing stenting unless complications occurred. 

One hundred two patients with acute dosure or 
threatened acute dosure underwent attempted stenting; 
109 stents were used in 104 percutaneous transluminal 
coronary angioplasty (PTCA) procedures. In 9 patients, 
stents could not be deployed because of an inability to 
pass the stent through the guiding catheter or through 
the stenosis itself All these were removed without los- 
ing any stents into the drculation. Jfinety-three patients 
were therefore stented and their results evahiated. 
Ninety of the 93 stent placements were angiographically 



successful, that is, they reduced the diameter of the ste- 
nosis by greater dian 50%. Three patients had success- 
ful stent placement, but angiographically the artery was 
not opened to this degree. Eighty-five of the placements 
were carried out in native arteries and 10 in saphenous 
vein grafts. Some characteristics of the stented patients 
induded age, 57 ± 11 years; male, 79%; unstable an- 
gina, 79%; dass III or IV angina, 73%; prior myocardial 
infarction, 33%; mulrivessel coronary disease, 43%; 
ejection fraction, 56 ± 13% and restenotic lesions, 
44%. Some stent placements followed the use of other 
new technologies. Two patients had athcreaomy, 6 had 
exdmer laser therapy, and 7 had laser balloon angio- 
plasty in attempts to solve their acute dosure syndrome. 
The quantitative angic^phic stenosis prior to stenting 
averaged 67%, and following stent placement it was 
16%. Relief of ischemia was documented by the faa 
tiiat of the 58 patients widi angina just prior to stent 
placement, 51 had their angina relieved, and of the 57 
patients with ST elevation prior to stenting, 46 patients 
had resolution of dieir ST segments to baseline. 

Despite successful stent placement in these patients 
with acute occlusion, compKcarions were relatively fre- 
quent. There were 5 deaths, 2 of which seemed unre- 
lated to the stent placement. One had surgery and post- 
operative peptic ulcer disease with perforation and 
expired 2 months after the procedure witiiout evidence 
of ischemia. Another patient suffering left main ocdu- 
sion during diagnc^dc cadieterization had a stent placed 
following a prolonged attempt at cardiopulmonary re- 
susdtation; however myocardial function could not be 
reestablished. One patient with severe chronic obstruc- 
tive pulmonary disease vomited and aspirated in the 
poststent follow-up period and sustained a cardiac ar- 
rest. The stent was found to be patent and thrombus 
free at the time of autopsy. Two patients, however, died 
either as a result of stent placement or because of com- 
plications of the antithrombotic therapy. One, who re- 
ceived two stents in the right coronary artery and went 
to bypass surgery because of severe hypotension docu- 
mented when total ocdusion was present, suffered sud- 
den cardiogenic shock following postoperative prota- 
mine reversal. Although no autqpsy was obtained, it was 
speculated that stent thrombosis occurred. Another pa- 
tient suflFered a fatal stroke several days following stent- 
ing while receiving heparin. This was assumed to be due 
to intracranial hemorrhage* In-hospital surgery was per- 
formed in 18.9%, Q wave myocardial infarction oc- 
curred in 5,2%, repeat PTCA in 5.2%, and subacute 
dosure after the stenting procedure in 7,3%. Sixty- 
seven patients, or 74%, had none of diese complications 
following stent placement The odier major problems 
were rdated to the femoral puncture site. Because of 
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continued andcoaguladon in a rather vigorous manner, 
femora] artery hematoma occurred in 33%, and 
pseudoaneuiysm repair was required in 8%. During a 
14-month follow-up period there have been 2 additional 
deaths, 1 from acute rei^iratory failure and I following 
bypass surgery. Bypass surgery was subsequendy re- 
quired in U patients, 2 patients suffered Q wave myo* 
cardial infarction, and 15 patients had repeat angio- 
plasty* 

Although restenosis was not die subject of this trial, 
angiographic foEow-up postdischarge was obtained in 
SO patients when they became eligible for a 6-month re- 
study. This represented 82% of die paucnts eligible for 
restiidy (that is, those who did not have early bypass 
surgery). Of die 50 padents restudied, 25 had restenosis 
defined by 50% or greater diameter reduction. Resteno- 
sis was somewhat higher in the circumflex artery (79%) 
or in the saphenous vein grafts (100%) than in die left 
anterior descending (LAD) (42%) or right coronary ar- 
tery (39%). 

Restenosis occurring widiin the stents has been 
treated with redilatation in Id padents. At the present 
dme 8 of those padents have been restudied and 6 have 
developed a second restenosis. Repeat dilatation within 
the stent produces an excellent angiographic appearance 
with very litde elastic recoil due to the rigid stent wires 
in the media. Although the numbers are small at the 
present time, the restenosis observed after such a proce- 
dure, however, remains disquieting. 

In a small subset of the padents, a vigorous antipro- 
liferative program was attempted. In addition to the 
previously mentioned antithrombotic and antiplatelet 
agents, hydrocortisone and colchicine were adminis- 
tered to a group of patients.^ ^ Among these padents, 16 
have undergone late resmdy to evaluate symptoms or to 
perform a 6-month routine restudy. The restenosis rate 
in this group is nor different from the overall groujp; 
however, there were 6 padents who developed aneji- 
rysms within the stented segment, an indication of non^ 
healing. This is the first documentation of altered heal- 
ing in angioplasty, and although it is not a desired 
result, it is of some interest in die foture investigation of 
restenosis strategies. 

Since die results presented here, we have continued 
to utilize this stent and the Palmaz-Schatz stent as bail- 
out devices in acute closure situations and have modified 
the poststent anticoagulation program slighdy. Experi- 
ence from other stent programs teaches us that the 
long-term results in larger arteries are significandy su- 
perior to those in smaller arteries. It is important to 
note that in this series, approximately 25% of the pa- 
dents received 2.5-mm stents. Whereas late restenosis is 
an undesired outcome in the setting of acute closure 



with ischemic syndrome, the ability to bail out of diat 
situation with a stent is quite desirable. The availability 
of stents for this purpose has become a major nonsurgi- 
cal backup procedure for high-risk angioplasty. Virtu- 
ally ail patients undergoing angioplasty in our center are 
informed of the availability of stents and are asked to 
sign experimental protocols allowing the use of stents if 
necessary for the occurrence of a nonsolvable acute clo- 
sure syndrome. However, because of the obvious added 
burden of prolonged anticoagulation and prolonged 
hospitalization, all efforts are aimed at solving the acute 
closure problems without stent placement. 



STENTS USED FOR THE PREVENTION 
OF RESTENOSIS 

The first large stent experience utilized for restenosis 
was with the self-expanding Wallstent in an investiga- 
tion carried out entirely in Europe.^^ The first Wall- 
stent was implanted in 1986. Between that time and 
March 1990, 265 padents were enrolled, with 308 le- 
sions treated. One hundred seventy-three of those le- 
sions were in native arteries and 135 in bypass grafts. 
Whereas the end point of the stent program was pri- 
marily to evaluate the effea on restenosis, some of the 
stents were placed for bailout purposes at the dme of 
initial angioplasty. This occurred in 33% of the native 
stent implantations and in 4% of the vein graft implan- 
tations. Half of the native stent procedures were per- 
formed in restenotic lesions, and 21% of the bypass 
graft implantations were also for restenotic lesions. An- 
ticoagulation was spottedly administered in the early 
portion of this experience, and there was a problem with 
thrombosis within 2 weeks of stent implantation in 15% 
of the patients. Of die patients who did not suffer eariy 
thrombotic closure, restenosis as defined by die 50% di- 
ameter definition occurred in 20% of the native coro- 
nary arteries and in 34% of the vein grafb. The restudy 
rate in this series was 82 %» and it is important to em- 
phasize that the smdies were performed by automated 
edge detection quantitative angiographic measures in a 
core laboratory. 

Hie conclusion diat can be reasonably surmised firom 
this data would suggest that whereas this particular stent, 
in the manner in which it was used, resulted in perhaps an 
unacceptable early thrombotic closure rate, the resteno- 
sis rate was respectable and perhaps reduced below what 
would have been expected for similar lesions not stented. 
This conclusion can only be speculative, of course, be- 
cause a randomized trial has not been conducted. 

The Palmaz-Schatz scent has undergone a carefoUy 
controlled trial to evaluate its effect on restenosis. An an- 



giographic core laboratory has now been established to 
evaluate this stent^^ Patients scleaed for this trial must 
have (1) objective evidence of ischemia, (2) critical 
stenoses greater than 70% by visual estimation, (3) pre- 
served left ventricular fimction, and (4) suitability for cor- 
onary artery bypass suigcry. Important exclusions were 
recent acute myocardial infarction, diffuse disease, osfiai 
stenosis, large diseased side branches, pre-existent coro- 
nary thrombi, unprotected left main stenosis, and ex- 
treme vessel tortuosity. The protocol calls for aspirin 
therapy, 325 mg daily; dipyridamole, 75 mg three times a 
day; caldrnn channel antagomsts; low- molecular-weight 
dextran; heparin, 1,000 units initially widi continuous 
infusion or intermittent boluses to maintain activated 
dotting time greater dian 300 seconds throughout 
the procedure; and following stent placement heparin 
administration continued for several days until warfarin 
therapy could increase the prothrombin time to greater 
than 16 seconds. Aspirin therapy is continued indefi- 
nitely, and dipyridamole and calcium antagonists are con- 
tinued for 3 months. Coumadin anticoagulation is contin-- 
ued for 1 to 3 months. During the fint phase of the trial of 
this stent, 226 patients underwent attempted placement, 
and 94% , or 2 1 3 patients, had successful stent placement. 
Subacute thrombosis, that is, thrombosis occurring 
within the first 2 weeb, occurred in 8 patients, or 3.8%. 
Excluding those patients, 205 patients were eligible for 
follow-up angiography, which was performed in 165 {pa- 
tients, or 80% of that group, 5.5 mondis following stent 
implantation. This study was limited to native coronary 
arteries; however, once again restenotic lesions were iii- 
eluded and represent 65% of the total population. t 

Restenosis was determined by an automated edge 
detection computer-assisted quantitative methodology 
performed by a core angiographic laboratory. By utiliz- 
ing the definition of a 50% stenosis at final follow-up, 
restenosis occurred in 34% of die patients. Subgroup 
analysis revealed some important differences. Placement 
of multiple stents resulted in a higher restenosis rate, 
with 21 of 40, or 53%, of the patients having restenosis. 
There was no difference in the restenosis rate relative to 
the artery stented. Previously observed higher restenosis 
rates widi balloon angioplasty in die proximal anterior 
descending artery were not seen in this stent experience. 
Larger arteries had a better maintained patency, with 
arteries greater than 3.2 mm in diameter having a re- 
stenosis rate of 21% and arteries smaller dian this hav- 
ing a restenosis rate of 37%. As mentioned, two thirds 
of tiiese patients had restenotic lesions rather tiban de 
novo lesions. The restenosis rate for de novo lesions was 
25% vs. 34% for restenotic lesions. In the subgroup that 
received a single stent for a de novo lesion, tiic resteno- 
sis xate was 13%. This study certainly achieved bettkr 
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early results, witfi perhaps more carefiil selection and 
vigorous anticoagulation playing a role. It is not clear 
whedier die design of die stent, which as mentioned 
earlier differs significandy from the coil stents or the in- 
terdjgitating mesh stents, is an important factor. There 
is clearly a broad range of restenosis rates depending on 
the type of lesion treated. This fact certainly calls for a 
randomized trial of stenting vs. balloon angioplasty in a 
wide array of lesions in which stenting shows promise. 
Such trials are currendy in the planning stage. 

FUTURE DIRECTIONS FOR CORONARY 
STENTING 

Whereas coronary stenting seems to have proved to 
be an effective means of solving the abrupt closure of 
artenes, its effect on restenosis, aldiough encouraging, 
needs significantly more study. The price of stenting re- 
mains high. TTie threat of diiombotic closure necessi- 
tates a vigorous anticoagulation program. TTie use of 
anticoagulants significandy increases the risk of bleed- 
mg complications, dramatically prolongs die patients 
hospitalization, and increases costs. An effective antico- 
agulant and antiplatelet therapy diat is administered sys- 
temically may reduce acute dirombotic closure but will 
not reduce die hemorrhagic complications unless some 
dramatic breakthroughs in antithrombotic dierapy are 
achieved. Various agents including antithrombins and 
antiplatelet antibodies as well as polymer to inhibit 
platelet activity have been proposed and will soon un- 
dergo more extensive testing. Anodier ^pioach is die 
application of such antidirombotic agents direcdy to 
stents, and many eff^orts are under way to incorporate 
diese agents mto die stent itselfi This could be accom- 
plished widi die coating of existing metallic stents or 
die replacement of die metal stent widi a totally poly- 
mer device. Such polymers could be biodegradeable or 
nondcgradeable. In any case, the role for stenting in in- 
terventional cardiology wiU obviously be an important 
one for the fiiture and, as widi so many other brcak- 
diroughs, aeates its own list of interesting pioblems for 
exploration by scientists in the future. 
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(§) Expandable intraiuminai graft 

@ A plurality of expandable and deformable in- 
traluminal vascular grafts are expanded within a 
blood vessel by an angioplasty balloon associated 
with a catheter to dilate and expand the lumen of a 
blood vessel. The grafts may be thin-walled tubular 
members (71) having a plurality of slots (82) dis- 
posed substantially parallel to the longitudinal axis of 
the tubular members (71). and adjacent grafts are 
flexibly connected by a single connector member 
disposed substantially parallel to the longitudinal axis 
of the tubular members. 
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EXPANDABLE INTRALUMINAL GRAFT 



1 . Field of the Invention. 

The invention relates to an expandable in- 
traluminal graft for use within a body passageway 
or duct and, more particularly, expandable in- 
traluminal vascular grafts which are particularly 
useful for repairing blood vessels narrowed or oc- 
cluded by disease; and a method and apparatus for 
implanting expandable intraluminal grafts. 



2. Desciiption of the Prior Art, 

Intraluminal endovascular grafting has been 
demonstrated by experimentation to present a pos- 
sible alternative to conventional vascular surgery. 
Intraluminal endovascular grafUng involves the per- 
cutaneous insertion into a blood vessel of a tubular 
prosthetic graft and its delivery via a catheter to the 
desired location within the vascular system. Advan- 
tages of this method over conventional vascular 
surgery include obviating the need for surgically 
exposing, incising, removing, replacing, or bypass- 
ing the defective blood vessel. 

Structures which have previously been used as 
intraluminal vascular grafts have included coiled 
stainless steel springs; helically wound coil springs 
manufactured from an expandable heat-sensitive 
material; and expanding stainless steel stents 
formed of stainless steel wire in a zig-zag pattern. 
In general, the foregoing structures have one major 
disadvantage in common. Insofar as these struc- 
tures must be delivered to the desired location 
.within a given body passageway in a collapsed 
state, in order to pass through the body passage- 
way, there is no effective control over the final, 
expanded configuration of each structure. For ex- 
ample, the expansion of a particular coiled spring- 
type graft is predetermined by the spring constant 
and modulus of elasticity of the particular material 
utilized to manufacture the coiled spring structure. 
These same factors predetermine the amount of 
expansion of collapsed stents formed of stainless 
steel wire in a zig-zag pattern. In the case of 
intraluminal grafts, or prostheses, fonried of a heat 
sensitive material which expands upon heating, the 
amount of expansion is likewise predetermined by 
the heat expansion characteristics of the particular 
alloy utilized in the manufacture of the intraluminal 
graft. 

Thus, once the foregoing types of intraluminal 
grafts are expanded at the desired location within a 
body passageway, such as within an artery or vein, 
the expanded size of the graft cannot be changed. 
If the diameter of the desired body passageway 



has been miscalculated, an undersized graft might 
not expand enough to contact the interior suri^ace 
of the body passageway, so as to be secured 
thereto. It may then migrate away from the desired 

s location within the body passageway. Likewise, an 
oversized graft might expand to such an extent that 
the spring force, or expansion force, exerted by the 
graft upon the body passageway could cause rup- 
turing of the body passageway. Further, the con- 
to stant outwardly radiating force exerted upon the 
interior surface of the body passageway can cause 
erosion of the internal surface, or intima, of the 
artery or body passageway. 

Another alternative to conventional vascular 

75 surgery has been percutaneous balloon dilation of 
elastic vascular stenoses, or blockages, through 
use of a catheter mounted angioplasty balloon. In 
this procedure, the angioplasty balloon is inflated 
within the stenosed vessel, or body passageway. In 

20 order to shear and disrupt the wall components of 
the vessel to obtain an enlarged lumen. With re- 
spect to arterial atheroscleerotic lesions, the rela- 
tively incompressible plaque remains unaltered, 
while the more elastic medial and adventitial layers 

25 of the body passageway stretch around the plaque. 
This process produces dissection, or a splitting and 
tearing, of the body passageway wall layers, 
wherein the intima, or internal surface of the artery 
or body passageway, suffers fissuring. This dissec- 

30 tion fonms a "flap" of underiying tissue which may 
reduce the blood flow through the lumen, or block 
the lumen. Typically, the distending intraluminal 
pressure within the body passageway can hold the 
disrupted layer or flap, in place. If the intimal flap 

35 created by the balloon dilation procedure is not 
maintained in place against the expanded intima, 
the intimal flap can fold down into the lumen and 
close off the lumen, or may even become detached 
and enter the body passageway. When the intimal 

40 flap closes off the body passageway, immediate 
surgery is necessary to correct this problem. 

Although the balloon dilation procedure is typi- 
cally conducted in the catheterization lab of a hos- 
pital, because of the foregoing problem, it is always 

4S necessary to have a surgeon on call should the 
intimal flap block the blood vessel or body pas- 
sageway. Further, because of the possibility of the 
intimal flap tearing away from the blood vessel and 
blocking the lumen, balloon dilations cannot be 

50 performed upon certain critical body passageways, 
such as the left main coronary artery, which leads 
Into the heart. If an intimal flap formed by a balloon 
dilation procedure abruptiy comes down and closes 
off a critical body passageway, such as the left 
main coronary artery, the patient could die before 



any surgical procedures could be performed. 

Additional disadvantages associated with bal- 
loon dilation of elastic vascular stenoses is that 
many fall because of elastic recoil of the stenotic 
lesion. This usually occurs due to a high fibrocol- 
iagenous content in the lesion and is sometimes 
due to certain mechanical characteristics of the 
area to be dilated. Thus, although the body pas^ 
sageway may initially be successfully expanded by 
a balloon dilation procedure, subsequent, early re- 
stenosis can occur due to- the recoil of the body 
passageway wall which decreases the size of the 
previously expanded lumen of the body passage- 
way. For example, stenoses of the renal artery at 
the ostium are known to be refractory to balloon 
dilation because the dilating forces are applied to 
the aortic wail rather than to the renal artery itself. 
Vascular stenoses caused by neointimal fibrosis, 
such as those seen in dialysis-access fistulas, have 
proved to be difficult to dilate, requiring high dilat- 
ing pressures and larger balloon diameters. Similar 
difficulties have been observed in angioplasties of 
graft-artery anastomotic strictures and postendar- 
terectomy recurrent stenoses. Percutaneous an- 
gioplasty of Takayasu arteritis and 
neurofibromatosis arterial stenoses may show poor 
initial response and recurrence which is believed 
due to the fibrotic nature of these lesions. 

For repairing blood vessels narrowed or oc- 
cluded by disease, or repairing other body pas- 
sageways, the lengtti of the body passageway 
which requires repair, as by the insertion of a 
tubular prosthetic graft, may present problems if 
the length of the required graft cannot negotiate the 
curves or bends of the body passageway through 
which the graft is passed by the catheter. In other 
words, in many instances, it is necessary to sup- 
port a length of tissue within a body passageway 
by a graft, wherein the length of the required graft 
exceeds the length of a graft which can be readily 
delivered via a catheter to the desired location 
within the vascular system. Some grafts do not 
have the requisite ability to bend so as to negotiate 
the curves and bends present within the vascular 
system, particularly prostheses or grafts which are 
relatively rigid and resist bending with respect to 
their longitudinal axes. 

Accordingly, prior to the development of the 
present invention, there has been no expandable 
intraluminal vascular graft for expanding the lumen 
of a body passageway, which: prevents recurrence 
of stenoses In the body passageway; can be uti- 
lized for critical body passageways, such as the left 
main coronary artery of a patient's heart; prevents 
recoil of the body passageway wall; allows the 
intraluminal graft to be expanded to a variable size 
to prevent migration of the graft away from the 
desired location and prevents rupturing and/or ero- 



sion of the body passageway by the expanded 
graft; permits tissue of an elongated section of a 
body passageway to be supported by an elongated 
graft; and provides the necessary flexibility to ne- 

5 gotiate the bends and curves in the vascular sys- 
tem. Therefore, the art has sought an expandable 
intraluminal vascular graft which: prevents recur- 
rence of stenoses in the body passageway; is 
believed to be able to be utilized in critical body 

JO passageways, such as the left main coronary artery 
of the heart; prevents recoil of the body passage- 
way; can be expanded to a variable size within the 
body passageway to prevent migration of the graft 
away from the desired location and to prevent 

75 rupturing and/or erosion of the body passageway 
by the expanded graft; permits tissue of an elon- 
gated section of a body passageway to be sup- 
ported by an elongated graft; and provides the 
necessary flexibility to negotiate tiie bends and 

20 curves in the vascular system. 



SUMMARY OF THE INVENTION 

25 In accordance with the invention, the foregoing 

advantages have been achieved by the present 
expandable intraluminal vascular graft. The present 
invention includes a plurality of thin-walled tubular 
members, each having first and second ends and a 

30 wall surface disposed between the first and second 
ends, the wall surface having a substantially uni- 
form thickness and a plurality of slots formed 
therein, tiie slots being disposed substantially par- 
allel to the longitudinal axis of each tubular mem- 

35 ber; a single connector member being disposed 
between adjacent tubular members to flexibly con- 
nect adjacent tubular members, the single connec- 
tor member being disposed in a substantially par- 
allel relationship with respect to the longitudinal 

40 axis of the tubular members and coplanar with 
each tubular member; each tubular member having 
a first diameter which permits intraluminal delivery 
of the tubular members into a body passageway 
having a lumen; and the tubular members having a 

45 second, expanded and deformed diameter, upon 
the application from the interior of the tubular 
members of a radially, outwardly extending force, 
which second diameter is variable and dependent 
upon the amount of force applied to the tubular 

60 members, whereby the tubular members may be 
expanded and deformed to expand the lumen of 
ttie body passageway. 

A further feature of the present invention is that 
the single connector member may be a thin-walled, 

55 elongate bar member, coplanar with adjacent tubu- 
lar membet's. An additional feature of the present 
Invention is that a tirst connector member may be 
disposed between the second end of a tirst tubular 
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member and the first end of a second tubular 
member; a second connector niember may be 
disposed between the second end of the second 
tubular member and the first end of a third tubulcu- 
member; the first and second connector members 
being angularly offset from one another with re- 
spect to the longitudinal axis of the tubular mem- 
bers. 

The expandable intraluminal vascular graft of 
the present invention, when compared with pre- 
viously proposed prior art intraluminal grafts, has 
the advantages of: preventing recurrence of 
stenoses; is believed to permit Implantation of 
grafts in critical body passageways, such as In the 
left main coronary artery of the heart; prevents 
recoil of the body passageway; prevents erosion of 
the body passageway by the expanded graft; per- 
mits expansion of the graft to a variable size de- 
pendent upon conditions within the body passage- 
way; permits tissue of an elongated section of a 
body passageway to be supported by an elongated 
graft; and provides the necessary flexibility to ne- 
gotiate the bends and curves in tortuous body 
passageways, such as the vascular system. 



BRIEF DESCRIPTION OF THE DRAWINGS : 

In the drawings: 

FIG. 1A is a perspective view of an expand- 
able intraluminal vascular graft, or prosthesis for a 
body passageway, having a first diameter which 
permits delivery of the graft, or prosthesis, into a 
body passageway; 

FIG. 1 B is a perspective view of the graft, or 
prosthesis, of FIG. 1A, in its expanded configura- 
tion when disposed within a body passageway; 

FIG. 2 is a cross-sectional view of the pros- 
thesis taken along line 2-2 of FIG. 1B; 

RG. 3 is a cross-sectional view of an ap- 
paratus for intraluminally reinforcing a body pas- 
sageway, or for expanding the lumen of a body 
passageway, illustrating a prosthesis, or in- 
traluminal vascular graft, in the configuration shown 
in FIG. 1A; 

FIG. 4 is a cross-sectional view of the ap- 
paratus for intraluminally reinforcing a body pas- 
sageway, or for expanding the lumen of a body 
passageway, with the graft, or prosthesis, in the 
configurations shown in FIG. 1 B; 

FIGS. 5 and 6 are perspective views of pros- 
theses for a body passageway, with the grafts, or 
prostheses, having a coating thereon; 

FIG. 7 Is a perspective view of another em- 
bodiment of a graft or prosthesis in accordance 
with the present invention; and 

FIG. 8 is a perspective view of the graft of 
FIG. 7, wherein the graft has been bent or articu- 



lated. 

While the Invention will be described in con- 
nection with the preferred embodiment, it wiil be 
understood that it is not intended to limit the inven- 
5 tion to that embodiment. On the contrary, it is 
intended to cover all alternatives, modifications, 
and equivalents, as may be included within the 
spirit and scope of the invention as defined by the 
appended claims. 



DETAILED DESCRIPTION OF THE INVENTION: 

In FIGS. 1A and 1B, an expandable intraluminal 
75 vascular graft, or expandable prosthesis for a body 
passageway, 70 is illustrated. It should be under- 
stood that the terms "expandable intraluminal vas- 
cular graft" and "expandable prosthesis" are inter- 
changeably used to some extent in describing the 
ao present invention, insofar as the methods, appara- 
tus, and staictures of the present invention may be 
utilized not only in connection with an expandable 
intraluminal vascular graft for expanding partially 
occluded segments of a blood vessel, or body 
25 passageway, but may also be utilized for many 
other purposes as an expandable prosthesis for 
many other types of body passageways. For exam- 
ple, expandable prostheses 70 may also be used 
for such purposes as: (1) supportive graft place- 
so ment within blocked arteries opened by trans- 
luminal recanalization, but which are likely to col- 
lapse in the absence of an internal support; (2) 
similar use following catheter passage through me- 
diastinal and other veins occluded by inoperable 
35 cancers; (3) reinforcement of catheter created in- 
trahepatic communications between portal and he- 
patic veins in patients suffering from portal hy- 
pertension; (4) supportive graft placement of nar- 
rowing of the esophagus, the intestine, the ureters, 
40 the urethra; and (5) supportive graft reinforcement 
of reopened and previously obstructed bile ducts. 
Accordingly, use of the term "prosthesis" encom- 
passes the foregoing usages within various types 
of body passageways, and the use of the term 
45 "intraluminal vascular graft" encompasses use for 
expanding the lumen of a body passageway. Fur- 
ther, in this regard, the term "body passageway" 
encompasses any duct within the human body, 
such as those previously described, as well as any 
50 vein, artery, or blood vessel within the human vas- 
cular system. 

Still with reference to FIGS. 1A and 1B, the 
expandable intraluminal vascular graft, or prosthe- 
sis, 70 is shown to generally comprise a tubular 
55 member 71 having first and second ends 72, 73 
and a wall surface 74 disposed between the first 
and second ends 72, 73. Tubular member 71 has a 
first diameter, d, which, to be hereinafter described 
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in greater detail, permits intraluminai delivery of the 
tubular member 71 into a body passageway 80 
having a lumen 81 (FIG. 3). With reference to FIG. 
1B. upon the application from the interior of the 
tubular member 71 of a radially, outwardly extend- 
ing force, to be hereinafter described in greater 
detail tubular member 71 has a second, expanded 
diameter, d', which second diameter d' is variable 
in size and dependent upon the amount of force 
applied to deform the tubular member 71. 

Tubular member 71, may be any suitable ma- 
terial which IS compatible with the human body and 
the bodily fluids (not shown) with which the vascu- 
lar graft, or prosthesis, 70 may come into contact. 
Tubular member 71 must also be made of a ma- 
terial which has the requisite strength and elasticity 
characteristics to penmit the tubular member 71 to 
be expanded and defomned from the configuration 
shown in FIG. 1A to the configuration shown illus- 
trated in FIG. 1B and further to permit the tubular 
member 71 to retain its expanded and deformed 
configuration with the enlarged diameter d shown 
In RG- 1B and resist radial collapse. Suitable ma- 
terials for the fabrication of tubular member 71 
would include silver, tantalum, stainless steel, gold, 
titanium or any suitable plastic material having the 
requisite characteristics previously described. 

Preferably, tubular member 71 is initially a thin- 
walled stainless steel tube having a uniform wall 
thickness, and a plurality of slots 82 are formed in 
the wall surface 74 of tubular member 71 . As seen 
in FIG. 1A when tubular member 71 has the first 
diameter d, the slots 82 are disposed substantially 
parallel to the longitudinal axis of the tubular mem- 
ber 71. As seen in FIG. 1A, the slots 82 are 
preferably uniformly and circumferentiaily spaced 
from adjacent slots 82, as by connecting members 
77, which connecting members 77 preferably have 
a length equal to the width of slots 82. as seen in 
FIG. 1A. Slots 82 are further uniformly spaced from 
adjacent slots 82 along the longitudinal axis of the 
tubular member 71, which spacing is preferably 
equal to the width of connecting members 77. 
Thus, the formation of slots 82 results in at least 
one elongate member 75 being formed between 
adjacent slots 82, elongate member 76 extending 
between the first and second ends, 72, 73 of tubu- 
lar member 71. as seen in FIG, 1A. 

Still with reference to FIG. 1A, each slot will 
have first and second ends with a connecting 
member 77 disposed at the first and second ends 
of slots 82. Preferably, the first and second ends of 
each slot 82 are disposed intermediate the first and 
second ends of adjacent slots 82 along the longitu- 
dinal axis of the tubular member 71. Thus, con- 
necting members 77, which are disposed at the 
first and second ends of each slot 82, and between 
elongate members 75, will in tum be disposed 



intermediate the first and second ends of adjacent 
slots 82 along the longitudinal axis of the tubular 
member 71. Accordingly, slots 82 are preferably 
uniformly and circumferentiaily spaced from adja- 
5 cent slots, and slots 82 adjacent to one another 
along the longitudinal axis of tubular member 71 
are in a staggered relationship with one another. 
Alternating slots disposed about the circumference 
of tubular member 71 at both the first and second 
70 ends 72, 73 of tubular member 71 will only have a 
length equal to approximately one-half of the length 
of a complete slot 82, such half-slot 82 being 
bounded by members 78, 79, at both the first and 
second ends 72, 73 of tubular member 71. Al- 
ts though the graft, or prosthesis, 70 of FIGS. 1A and 
IB is illustrated to have a length approximately 
equal to the length of two slots 82, it should be 
apparent that the length of the graft 70 could be 
made longer or shorter as desired. 
20 The foregoing described construction of graft, 
or prosthesis, 70 pem^its graft, or prosthesis, 70 to 
be expanded uniformly, and outwardly, in a con- 
trolled manner into the configuration shown in FIG. 
1B, upon the application of a suitable force from 
25 the Interior of tubular member 71, as will be 
hereinafter described in greater detail. The expan- 
sion of tubular member 71 into the configuration 
. shown in FIG. IB is further uniform along the 
length of tubular member 71, not only because of 
30 the uniform spacing between slots 82, as pre- 
viously described, but also because the thickness 
of the wall surface 74, or the thickness of connect- 
ing members 77, elongate members 75, and mem- 
bers 78, 79. is the same uniform thickness. As 
35 illustrated in FIG. 2, the uniform thickness of elon- 
gate member 75 is shown, and the preferred cross- 
sectional configuration of elongate member 75. 
connecting member 77, and members 78, 79, is 
illustrated, which configuration is rectangular. It 
40 should of course be understood by those skilled in 
the art, that the cross-sectional configuration of the 
foregoing components of graft, or prosthesis, 70 
could also be square, rectangular, or other cross- 
sectional configurations. As will be hereinafter de- 
45 scribed in greater detail, it is preferable that the 
outer surface 74 of graft, or prothesis, 70. which 
would be in contact with the body passageway 80 
FIG. 4, should be relatively smooth. 

With reference to FIG. IB, it is seen that after 
50 the graft, or prosthesis 70. has been expanded and 
deformed into the configuration of FIG. IB, the 
slots 82 will assume a substantially hexagonal con- 
figuration when the tubular member 71 has the 
second, expanded diameter, d , as shown in FIG. 
55 IB. Such a hexagonal configuration will result when 
the slots 82 Initially have a substantially rectangular 
configuration when the tubular member 71 has the 
first diameter, d, illustrated in FIG. 1A. It should be 
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noted that were the width of slots 82 to be substan- 
tially reduced, whereby the length of connecting 
member 77 would approximate a single point inter- 
section, the expansion of such a tubular member 
71 would result in slots 82 assuming a configura- 
tion which would be substantially a parallelogram 
(not shown). 

it should be noted that not only is tubular- 
member 71 expanded from the configuration shown 
in FIG. 1A to achieve the configuration shown in 
FIG. IB, but tubular member 71 Is further 
"deformed" to achieve that configuration. By use of 
the term "deformed" is meant that the material 
from which graft, or prosthesis, 70 is manufactured 
is subjected to a force which is greater than the 
elastic limit of the material utilized to make tubular 
member 71. Accordingly, the force is sufficient to 
permanently bend elongate members 75 whereby 
segments of the elongate members 75 pivot about 
connecting members 77 and move in a circum- 
ferential direcfion as they pivot, whereby the diam- 
eter of the tubular member 71 Increases from the 
first diameter, d. to the expanded diameter, d', of 
FIG. IB. The force to be applied to expand tubular 
member 71, which is applied in the manner which 
will be hereinafter described in greater detail, must 
thus be sufficient to not only expand tubular mem- 
' ber 71, but also to deform elongate member 75, in 
the manner previously described, whereby the por- 
tions of the elongate members 75 which pivot 
about the ends of - connecting members 77 do not 
"spring back" and assume their configuration 
shown in FIG. 1A, but rather retain the configura- 
tion thereof in FIG. 18. Once graft, or prosthesis, 

70 has been' expanded and deformed into the 
configuration shown in FIG. IB, graft, or prosthesis 
70, will serve to prevent a body passageway from 
collapsing as will be hereinafter described in great- 
er detail. It should be noted that when tubular 
member 71 has the first diameter, d, shown in FIG. 
1A, or after tubular meniber 71 has been expanded 
and deformed into the second, expanded diameter, 
d', of FIG. IB, tubular member 71 does not exert 
any outward, radial force, in that tubular member 

71 is not a "spring-like" or "self-expanding mem- 
ber", which would tend to exert an outwardly radial 
force. 

With reference now to FIGS. 3 and 4, appara- 
tus of the present invention will be described in 
greater detail. Once again, it should be understood 
that tine apparatus of the present invention is useful 
not only for expanding the lumen of a body pas- 
sageway, such as an artery, vein, or blood vessel 
of the human vascular system, but are also useful 
to perform the previously described procedures to 
intraluminally reinforce other body passageways or 
ducts, as previously described. Still with reference 
to RGS. 3 and 4, an expandable intraluminal vas- 



cular graft, or prosthesis, 70, of the type described 
in connection with FIGS. 1A and IB. is disposed or 
mounted upon a catheter 83. Catheter 83 has an 
expandable, inflatable pori:ion 84 associated there- 
5 with. Catheter 83 may include means for mounting 
and retaining 85 the expandable intraluminal vascu- 
lar graft, of prosthesis, 70 on the expandable, inflat- 
able portion 84 of catheter 83, The mounting and 
retaining means 85 could comprise retainer ring 
10 members 86 disposed on the catheter 83 adjacent 
the expandable infiatable portion 84 of catheter 83; 
and a retainer ring member 86 is disposed adja- 
cent each end 72, 73 of the expandable in- 
traluminal vascular graft, or prosthesis, 70. As seen 
75 in FIG. 3, retainer ring members could be formed 
integral with catheter 83, and the retainer ring 
member 86 adjacent the leading tip 87 of catheter 
83 slopes upwardly and away fi-om catiieter tip 87 
in order to protect and retain graft or prosthesis, 70 
20 as it is inserted into the lumen 81 of body passage- 
way 80, as to be hereinafter described in greater 
detail. The remaining retainer ring member 86 as 
shown in FIG. 3, slopes downwardly away from tip 
87 of catheter 83, to insure easy removal of cath- 
25 eter 83 from body passageway 80. After expand- 
able intraluminal grafi:, or prostiiesis, 70 has been 
disposed upon catheter 83, in the manner pre- 
viously described, the graft, or prosthesis, 70 and 
catheter 83 are inserted within a body passageway 
50 80 by catheterization of tiie body passageway 80 in 
a conventional manner. 

In a conventional manner, the catheter 83 and 
graft, or prosthesis. 70 are delivered to the desired 
location within the body passageway 80, whereat it 
35 is desired to expand the lumen 81 of body pas- 
sageway 80 via intraluminal graft 70, or where it is 
desired to Implant prosthesis 70. Fluoroscopy, 
and/or other conventional techniques may be uti- 
lized to insure that the catheter 83 and graft, or 
40 prosthesis, 70 are delivered to the desired location 
within the body passageway. Prosthesis, or graft, 
70 is then controilably expanded and deformed by 
controliably expanding the expandable, inflatable 
portion 84 of catheter 83. whereby the prosthesis, 
45 or graft, 70 is expanded and deformed radially, 
outwardly into contact with the body passageway 
80, as shown in FIG. 4. in this regard, the expand- 
able, inflatable portion of catheter 83 may be a 
conventional angioplasty balloon 88. After the de- 
50 sired expansion and deformation of prosthesis, or 
graft, 70 has been accomplished, angioplasty bal- 
loon 88 may be collapsed, or deflated, and the 
catheter 83 may be removed In a conventional 
manner from body passageway 80. If desired, as 
55 seen in FIG. 3, catheter 83, having graft or pros- 
thesis, 70 disposed thereon, may be initially en- 
cased in a conventional Teflon sheath 89, or a 
sheath 89 made of another suitable material, which 
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is pulled away from prosthesis, or graft, 70, prior to 
expansion of the prosthesis, or graft. 70. 

Still with reference to FIGS. 3 and 4, It should 
be noted that tubular member 71 of prosthesis, or 
graft, 70 initially has the first predetermined, col- 
lapsed diameter, d, as described in connection with 
FIG. 1A. in order to permit the insertion of the 
tubular member, 71 into the body passageway 80 
as previously described. When it is desired to 
implant prosthesis 70 within a body passageway 80 
for the purposes previously described, the pros- 
thesis 70 is, controllably expanded and deformed 
to the second diameter, d'. and the second, ex- 
panded diameter, d', is variable and determined by 
the internal diameter of the body passageway 80, 
as shown in FIG. 4, and by the amount of expan- 
sion of the inflatable portion 84 of catheter 83. 
Accordingly, the expanded and deformed prosthe- 
sis 70. upon deflation of angioplasty balloon 88 will 
not be able to migrate from the desired location 
within the body passageway 80, nor will the expan- 
sion of the prosthesis 70 be likely to cause a 
rupture of the body passageway 80, Furthermore, 
Insofar as prosthesis, or graft, 70 is not a "spring- 
like" or "self-expanding member'*, the prosthesis is 
not consistently applying an outward, radial force 
against the interior surface of body passageway 80, 
excess of that required to resist radial collapse 
of the body passageway 80. Thus, erosion of the 
interior surface, or intima, of the artery or body 
passageway is prevented. 

When it is desired to use expandable in- 
traluminal graft 70 to expand the lumen 81 of a 
body passageway 80 having an area of stenosis, 
the expansion of intra luminal vascular graft 70 by 
angioplasty balloon 88, allows controlled dilation of 
the stenotic area and, at the same time controlled 
expansion and deformation of the vascular graft 70, 
whereby vascular graft 70 prevents the body pas- 
sageway 80 from collapsing and decreasing the 
size of the previously expanded lumen 81. Once 
again, the second, expanded diameter d of in- 
traluminal vascular graft 70, as shown in FIG. 4, is 
variable and determined by the desired expanded 
internal diameter of body passageway 80. Thus, 
the expandable intraluminal graft 70 will not mi- 
grate away from the desired location within the 
body passageway 80 upon deflation of angioplasty 
balloon 88, nor will the expansion of intraluminal 
graft 70 likely cause a rupture of body passageway 
80, nor any erosion as previously described. Fur- 
ther, should an intimai flap, or fissure, be formed in 
body passageway 80 at the location of graft 70, 
graft 70 will insure that such an intimai flap will not 
be able to fold inwardly into body passageway 80, 
nor tear loose and flow through body passageway 
80. In the situation of utilizing graft 70 in the 
manner previously described to expand the lumen 



of a portion of a critical body passageway, such as 
the left main coronary artery, it is believed that the 
intimai flap will be unable to occlude the left main 
coronary artery of the heart and cause the death of 

5 the patient. 

Because it is only necessary to inflate an- 
gioplasty balloon 88 one time in order to expand 
and deform graft 70, it is believed that a greater 
amount of endothelium, or inner layer of the intima, 

10 or inner surface of the body passageway, will be 
preserved, insofar as the extent of endothelial de- 
nudation during transluminal angioplasty is propor- 
tional to the balloon inflation time. Further, in the- 
ory, the amount of preserved endothelium should 

15 be large because in the expanded configuration of 
graft 70, potentially 80% of the endothelium is 
exposed through the openings or expanded slots 
82 of graft 70. It is further believed that intact 
patches of endothelium within expanded slots 82 of 

20 graft 70 may result in a rapid, multicentric en- 
dothellalization pattern as shown by experimental 
studies. 

With reference now to FIGS. 5 and 6, pros- 
theses, or grafts, 70 of the type previously de- 
25 scribed in connection with FIGS. 1A and IB are 
shown, and the tubular members 71 of grafts, or 
prostheses. 70 have a biologically inert or biologi- 
cally compatible coating 90 placed upon wall sur- 
faces 74 of tubular shaped members 71. Examples 
30 of a suitable biologically inert coating would be 
porous polyurethane, TeflonTM. or other conven- 
tional biologically inert plastic materials. The coat- 
ing 90 should be thin and highly elastic so as not 
to interfere with the desired expansion and de- 

36 formation of prosthesis, or graft. 70. Coating 90 
may be further provided with a means for anchor- 
ing 91 (FIG. 6) the tubular member 71 to the body 
passageway 80. Anchoring means 91 may be com- 
prised of a plurality of radially, outwardly extending 

40 projections 92 formed on the coating 90. As seen 
In FIG. 6, the radially outwardly extending projec- 
tions 92 could comprise a plurality of ridges 93, or 
other types of radially, outwardly extending projec- 
tions. Further, It may be desirable to have a plural- 

45 Ity of openings 94 formed in coating 90, as shown 
in FIG. 5, whereby the fluid contained in body 
passageway 80 can be In direct contact with the 
dilated, or expanded, body passageway area. Ex- 
amples of biologically compatible coatings 90 

50 would include coatings mad© of ^soriaable poly- 
mers such as those used to manufacture absor- 
bable sutures. Such absorbable polymers Include 
polyglycoides, polylactides, and copolymers there- 
of. Such absorbable polymers could also contain 

65 various types of drugs, whereby as the coating 90 
is absorbed, or dissolves, the drug would be slowly 
released into the body passageway 80. 

Turning now to FIGS. 7 and 8, an expandable 
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intraluminal vascular graft, or prosthesis, 70' is 
shown for Implantation In curved body passage- 
ways 80, or for use in the elongated sections of 
body passageway 80, when a prosthesis or a graft, 
70 is required which is longer than the graft, or 
prosthesis. 70 of FIQ. 1A, identical reference nu- 
merals are used throughout FIGS. 7 and 8 for 
elements which are the same in design, construc- 
tion, and operation, as those previously described 
in connection with FIGS. 1A-6, and primed refer- 
ence numerals are used for elements which are 
similar In construction, design, and operation, as 
those previously described In connection with 1A-6. 

As seen in FIG. 7, graft, or prosthesis, 70' 
generally includes a plurality of prostheses, or 
grafts, 70 as described previously in connection 
with FIGS. 1A. IB, and 2. Disposed between adja- 
cent tubular members, 71, or adjacent grafts, or 
prostheses, 70, is a single connector member 100 
to flexibly connect adjacent tubular members 71 or 
grafts, or prostheses, 70, Connector members 100 
are preferably formed of the same material as 
grafts 70,- as previously described, and connector 
members 100 may be fomned integrally between 
adjacent grafts 70, or tubular members 71, as 
shown in FIG. 7. The cross-sectional configuration 
of connector members 100, along the longitudinal 
axis of graft, or prosthesis, 70', is the same, in that 
connector members 100 have the same uniform 
wall thiclcness of elongate members 75 and thus 
form a thin-wailed, elongate bar member 101 which 
is coplanar with adjacent tubular members 71. Of 
course, it should be readily apparent to one of 
ordinary skill in the art, that the thickness of con- 
nector members 100 could alternatively be smaller 
than elongate member 75; however, it is preferable 
that the outer circumferential surface 102 of con- 
nector members 100 lies in the same plane formed 
by the wall surfaces 74 of grafts, or prostheses, 70, 
as seen in FIG. 7, 

Still with reference to FIGS. 7-8, it should be 
noted that although graft, or prosthesis, 70' is illus- 
trated as including three grafts, or prostheses, 70 
flexibly connected to one another by connector 
members 100, as few as two grafts '70 could be 
connected to form graft, or prosthesis, 70'. Further- 
more, many grafts 70 could be flexibly connected 
by connector members 100 as are desired to form 
graft, or prosthesis, 70'. Preferably, the length of 
each graft, or prosthesis. 70 is approximately the 
length of two slots 82; however, the length of each 
graft 70 could be approximately equal to the length 
of two or more slots 82. When three or more grafts 
70 are flexibly connected by connector members 
100, as shown in FIGS. 7 and 8, preferably a first 
connector member 100 is disposed between the 
second end 73 of a first tubular member 70A and 
the first end 72 of a second tubular member 70B. A 



second connector member 100 is then disposed 
between the second end 73 of the second tubular 
member 708 and the first end 72 of a third tubular 
member 70C. The first and second connector 

5 members 100, as shown in FIGS. 7 and 8, may be 
angularly offset from one another with respect to 
the longitudinal axis of the tubular members 70 to 
permit the requisite flexibility between the Intercon- 
nected grafts, or prostheses, 70. 

70 The delivery and expansion of graft, or pros- 
thesis, 70' is the same as that previously described 
in connection with FIGS. 1A, IB, and 3-4* The 
length of the expandable, inflatable portion 84 of 
catheter 83 would be sized to conform with the 

IS length of the graft, or prosthesis, 70', as should be 
readily apparent to one of ordinary skill In the art. 
Except for the length of the expandable, inflatable 
portion 84, catheter 83, the method of delivery of 
graft, or prosthesis, 70' and Its subsequent, control- 

20 lable expansion and deformation are the same as 
previously described. As seen in FIG. 8, the pros- 
thesis 70' is illustrated in the configuration it would 
assume when being delivered to the desired loca- 
tion within the body passageway 80, and the graft. 

25 or prosthesis, 70' is disposed upon catheter 83 and 
is passing through a curved portion of body pas- 
sageway 80, such as an arterial bend. Because of 
the disposition of flexible connector members 100 
between adjacent tubular members 71 , or grafts, or 

30 prostheses, 70, graft, or prosthesis, 70' is able to 
flexibly bend, or articulate, with respect to the 
longitudinal axis of graft, or prosthesis, 70', so as 
to be able to negotiate the curves or bends found 
in body passageways 80. It should be noted that 

35 connector members 100 permit the bending, or 
articulation of adjacent tubular members 71 in any 
direction about the longitudinal axis of graft, or 
prosthesis, 70'. When graft, or prosthesis, 70' is in 
Its expanded, and defonmed configuration, tubular 

4Q members 71 of graft, or prosthesis, 70', will as- 
sume the configuration shown In FIG. 1 B, 

It is to be understood that the invention is not 
to be limited to the exact details of construction, 
operation, exact materials, or embodiments shown 

45 and described, as obvious modifications and equiv- 
alents will be apparent to one skilled in the art. 
Accordingly, the invention is therefore to be limited 
only by the scope of the appended claims. 

50 

Claims 

1. An expandable Intraluminal vascular graft, 
comprising: 

55 a plurality of thin-walled tubular members, each 
having first and second ends and a wall surface 
disposed between the first and second ends, the 
wall surface having a substantially uniform thick- 
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ness and a plurality of slots formed therein, the 
slots being disposed substantially parallel to the 
longitudinal axis of each tubular menr^ber; 
a single connector member being disposed be- 
tween adjacent tubular members to flexibly connect 
adjacent tubular members, the single connector 
member being disposed in a substantially parallel 
relationship with respect to the longitudinal axis of 
the tubular members and coplanar with each tubu- 
lar member. 

each tubular member having a first diameter which 
permits intraluminal delivery of the tubular mem- 
bers into a body passageway having a lumen: and 
the tubular members having a second, expanded 
and deformed diameter, upon the application from 
the interior of the tubular members of a radially, 
outwardly extending force, which second diameter 
is variable and dependent upon the amount of 
force applied to the tubular members, whereby the 
tubular members may be expanded and deformed 
to expand the lumen of the body passageway. 

2. The expandable intraluminal graft of claim 1, 
wherein the single connector member is a thin- 
walled, elongate bar member, coplanar with adja- 
cent tubular members. 

3. The expandable intraluminal graft of claim 1 , 
wherein a first connector member is disposed be- 
tween the second end of a first tubular member 
and the first end of a second tubular member; a 
second connector member is disposed between 
the second end of the second tubular member and 
the first end of a third tubular member, the first and 
second connector members being angularly offset 
from one another with respect to the longitudinal 
axis of the tubular members. 

4. An expandable prosthesis for a body pas- 
sageway, comprising: 

a plurality of thin-walled tubular members, each 
having first and second ends and a wall surface 
disposed between the first and second ends, the 
wall surface having a substantially uniform thick- 
ness and a plurality of slots formed therein, the 
slots being disposed substantially parallel to the 
longitudinal axis of each tubular member; 
a single connector member being disposed be- 
tween adjacent tubular members to flexibly connect 
adjacent tubular members, the single connector 
member being disposed in a substantially parallel 
relationship with respect to the longitudinal axis of 
the tubular members and coplanar with each tubu- 
lar member; 

each tubular member having a first diameter which 
permits intraluminal delivery of the tubular mem- 
bers into a body passageway having a lumen; and 
the tubular members having a second, expanded 
and deformed diameter, upon the application from 
the interior of the tubular members, of a radially, 
outwardly extending force, which second diameter 



is variable and dependent upon the amount of 
force applied to the tubular member, whereby the 
tubular member may be expanded and deformed 
to expand the lumen of the body passageway. 

5 5. The expandable prosthesis of claim 4, 

wherein the single connector member is a thin- 
walled, elongate bar member, coplanar with adja- 
cent tubular members. 

6. The expandable prosthesis of claim 4, 

70 wherein a first connector member is disposed be- 
tween the second end of a first tubular member 
and the first end of a second tubular member; a 
second connector member is disposed between 
the second end of the second tubular member and 

16 the first end of a third tubular member, the first and 
second connector members being angularly offset 
from one another with respect to the longitudinal 
axis of the tubular members. 
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(57) Abstract 

The device is a foldable stent (122) or stent- 
graft (370) which may be delivered witihi (or on) a 
catheter or via surgical or other suitable techniques. 
The device is then expanded or unfolded. The 
expandable stent structure preferably utilizes at 
least one torsional member (100) generally aligned 
with the longitudinal axis of the stent (122). The 
stent (122) preferably has an undulating shape. It 
may be helically deployed to form the generally 
cylindrical shape eventually deployed as the stent 
(122) or it may be formed of one or more rings 
002). The structure desirably is aligned to allow 
those undulating shapes in adjacent rings (322) or 
turns of the helbc to be in phase. The adjacent 
undulating shapes may be held in that phased 
relationship using a flexible linkage (324) often 
made of a polymeric material- The stent (122) is 
self-expanding, kink-resistant, easily bent along its 
longitudinal axis, does not change its length during 
that expansion, and is able to provide collapsible 
• support for otherwise frangible graft material. The 
graft component (134) cooperating with the stent 
(122) is tubular and may be a biocompatible 
polymeric or collagenous material or combinations of the two which may, if desired, be reinfored with fibers. 
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SELF-EXPANDABLE STENT AND STENT-GRAFT 
AND METHOD OF USING THEM 



FIELD OF THE INVENTION 

10 This invention is a medical device and a method 

of using it. The device . is a foldable stent or stent- 
graft which may be delivered with {or on) a catheter or 
via surgical or other suitable techniques. The device is 
then expanded or unfolded. The expandable stent 

15 structure preferably utilizes at least one torsional 

member generally aligned with the longitudinal axis of 
the stent. The stent preferably has an undulating shape • 
It may be helically deployed to form the generally 
cylindrical shape eventually deployed as the stent or it 

20 may be formed of one or more rings. The structure 

desirably is aligned to allow those undulating shapes in 
adjacent rings or turns of the helix to be in phase. The 
adjacent undulating shapes may be held in that phased 
relationship using a flexible linkage, often made of a 

25 polymeric material. The stent's configuration allows it 
to be folded or otherwise compressed to a very small 
diameter prior to deployment without changing the length 
of the stent. The stent is self -expanding, kink- 
resistant, easily bent along its longitudinal axis, does 

30 not change its length during that expansion, and is able 
to provide collapsible support for othearwise frangible 
graft material. The graft component cooperating with the 
stent is tubular and may be a biocompatible polymeric or 
collagenous material or combinations of the two which 

35 may, if desired, be reinforced with fibers. 

The invention involves procedures for deploying 
stents or stent -grafts which have been folded, bound, or 
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otherwise collapsed to significantly smaller diameters 
for insertion into a human or animal body. The 
deployment procedures may involve the use of an outer 
sleeve to maintain the stent or stent -graft at a reduced 
5 diameter or may involve a "slip- line" to hold and then to 
release the device. 

BACKGROUND OF THE INVENTION 

With the advent of interventional radiology, 

10 the treatment or isolation of a variety of maladies in 

he body' s conduits may be easily treated using stents and 
stent-graf ts . For instance, this invention may be used 
to treat weakened, distorted, narrowed, or otherwise 
malformed vessels in the vascular, biliary, genito- 

15 urinary, gastrointestinal, and respiratory systems. Of 
special interest in the use of this invention is the 
treatment of vascular aneurysms or of arterial or venous 
vessel walls which have been thinned or thickened by 
disease. Much of this vascular treatment has 

20 traditionally been done via surgery, e.g., via the use of 
surgical bypassing with vascular grafts. Shortcomings of 
this procedure include the morbidity and mortality 
associated with surgery, long recovery times' after 
surgery, and the high incidence of repeat intervention 

25 needed due to limitations of the graft or of the 

procedure. Vessels thickened by disease are currently 
sometimes treated less invasively with intraluminal 
stents that mechanically hold these vessels open either 
subsequent to or as an adjunct to a balloon angioplasty 

30 procedure. Shortcomings of current stents as used in the 
vascular system include the use of highly thrombogenic 
materials (stainless steels, tantalum, ELGILOY) which are 
exposed to blood, the general failure of these materials 
to attract and support functional endothelium, the 

35 
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irregular stent/vessel surface that causes unnatural 
blood flow patterns, and the mismatch of compliance and 
flexibility between the vessel and the stent. 

Highly desirable in this invention is the use 
5 of less invasive intraluminal delivery and, in a 
preferred aspect when used in the vascular system, 
placement of a nonthrombogenic blood-carrying conduit 
having a smooth inner lumen which will endothelize. 

A desirable graft material chosen for the inner 

10 layer of the inventive stent -graft is collagen-based and, 
although it will fold with ease, is otherwise fairly 
frangible or inelastic in that it has very little ability 
to stretch. Mounting a collagen tube on the outside of 
or as a part of a balloon-expandable stent will usually 

15 cause the tube to tear. Mounting such a tube on the 

inside of a balloon expandable stent will yield a torn 
irregular surface exposed to blood flow. Further, 
balloon expandable devices that rely upon plastic 
deformation of the stent to achieve a deployed shape are 

20 subject to abrupt closure as a result of trauma when the 
devices are placed in a vessel near the skin surface or 
across a joint or ligament. Those self -expanding stents 
which rely on the shortening of the stent upon radial 
expansion at deployment may cause vessel tearing problems 

25 similar to those observed with the use of balloon 

expandable devices. Obviously, stents which shorten 
during deployment are also subject to deployment 
placement inaccuracies. 

The most desired variations of this invention 

30 involve a stent-graft which is self --expanding, which does 
not shorten upon delivery, which has excellent 
longitudinal flexibility, which has high radial 
compliance to the vessel lumen, and exposes the blood to 
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a smooth, nonthrombogenic surface capable of supporting 
endothelium growth. 

The inventive device may be delivered in a 
reduced diameter and expanded to maintain the patency of 
5 any conduit or lumen in the body, particularly those 
mentioned above. An area in which the inventive stent 
and stent graft is particularly beneficial is in the 
scaffolding of atherosclerotic lesions in the 
cardiovascular system to establish vessel patency, 

10 prevention of thrombosis, and the further prevention of 
re-stenosis after angioplasty. In contrast to many of 
the stents discussed below having metallic struts 
intruding into the blood flow in the vessel lumen which 
generate turbulence and create blood stasis points 

15 initiating thrombus formation, the smooth, continuous 

surface provided by the tubular collagen-based, polymer- 
based, or combination inner conduit of our invention 
provides a hemodynamically superior surface for blood 
flow. 

20 The non-thrombogenic properties of an sPEG 

collagen surface results in a less thrombogenic device. 
Clinically, this allows a more moderate ant i- coagulation 
regimen to be used. As a result, the rate of bleeding 
complications, a major drawback associated with stent ing, 

25 may be reduced. The absence of gaps or holes in the 
graft stiructure between stent struts of our invention 
allows the tacking of both large and small flaps and 
tears in the vessel wall. These flaps disrupt blood flow 
and attract thrombus. The disxnption of the natural 

30 ant i- thrombotic covering of endothelium only worsens the 
condition. The collagen-based barrier we interpose 
between blood and a disrupted or injured portion of the 
vessel wall serves to mask injured intimal or medial 
layers from blood, thereby preventing thrombus formation 

35 
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and intimal proliferation which may lead to re-stenosis. 

The presence of our inventive stent -graft acts 
as a mechanical barrier preventing tissue from 
5 proliferating into or impinging the lumen. The nature of 
the bioactivity of the collagen and the smoother flow 
characteristics at the blood-contacting surface are 
conducive to endothelial cell attachment and growth 
thereby assuring the long-term blood compatibility of the 
10 device. 

Mechanically, our stent structure provides a 
good combination of radial strength and flexibility. The 
structure is also radially resilient. It can be 
completely crushed or flattened and yet spring open again 

15 once the obstmctive loading is removed. This ability is 
important for use in exposed portions of the body around 
the peripheral vasculature or around joints. The stent- 
graf t can sustain a crushing traumatic blow or 
compression from the bending of a joint and still return 

20 to the open configuration once the load is removed. 

With regard to delivery, the self -expansion 
mechanism eliminates the need for a balloon catheter and 
the associated balloon rupture problems often associated 
with balloons . In addition, the absence of the bulk of 

25 the balloon allows a smaller delivery profile to be 
achieved. Unlike some other self -esqjanding stent 
designs, this stent -graft maintains a constant length 
throughout the expansion process. Thus, the stent -graft 
would not have some of the positioning problems 

30 associated with other many self -expanding stents. In 
treating longer lesions, our self -expanding design 
eliminates the need for special long balloons or 
repositioning of the balloon between inflations in order 
to expand the entire length of the stent. 

35 

5 



SUBSTITUTE SHEET (RULE 26) 



wo ^5/26695 



When used as a conventional vascular graft or 
intraluminal graft, our collagen-based stent-grafts offer 
a number of advantages over existing technologies . 
Unlike expanded polytetraf luoroethylene (PTFE) grafts, 
5 the bare collagen-based material supports endothelial 
cell growth and is incorporated into the surrounding 
tissue. As an intraluminal graft, the device has several 
advantages • The wall thickness may be made thinner than 
tanned, reinforced biologic grafts. When placed inside 

10 the lumen of a vessel, a thin-walled graft results in a 
larger opening for blood flow resulting in improved 
hemodynamics. Lastly, when used as an intraluminal 
graft, there is no anastomosis site. Anastomosis sites 
are thought to be a common source of problems associated 

15 with graft failures. 

The impermeability of the inventive stent -graft 
makes it suitable for shunting and thereby hydraulically 
isolating aneurysms* The expansile properties derived 
from the stent structure provide a secure anchor to the 

20 vessel wall* The stent reinforces frangible graft 
materials making up the ttibular component thereby 
increasing the overall burst strength of the stent-graft. 

Finally, the organic composition of the 
collagen-based materials which may be used in the 

25 inventive stent-graft provides an excellent vehicle for 
localized drug delivery. In addition, therapeutic 
compounds may be linked, conjugated, or otherwise more 
easily bound to the organic graft material (or to its 
substituents, such as PEG) than to the surface of a 

30 metallic structure. Localized drug delivery is desirable 
in preventing thrombosis or re-stenosis. Therapeutically 
effective doses may be administered to the target area 
without systemic concentrations being raised. This 

35 
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capability is of great benefit in reducing side-effects 
and complications associated with drug therapy* 

Therapeutic agents may be delivered out of the 
collagen matrix by diffusion. Alternatively, these 
5 agents may be bound temporarily or permanently on the 

collagen surfaces. Different agents may be bound on the 
inner and outer surfaces to achieve different therapeutic 
ends. For example, a drug to minimize thrombus formation 
might be appropriate for the inside, blood- contacting 
10 . surface, while a drug which would inhibit smooth muscle 
cell proliferation might be appropriate on the outer 
surface. Drugs can be chemically or physically bound to 
either the sPEG or the collagen molecules. 

15 Stents 

The stents currently described in the open 
literature include a wide variety of different shapes. 

Wallsten, U.S. Patent No. 4,655,771, suggests a 
vascular prosthesis for transluminal implantation which 

20 is made up of a flexible tubular body having a diameter 
that is varied by adjusting the axial separation of the 
two ends of the body relative to each other. In general, 
the body appears to be a woven device produced of various 
plastics or stainless steel. 

25 U.S. Patent No. 4,760,849, to Kroph, shows the 

use of a ladder- shaped coil spring which additionally may 
be used as a filter in certain situations. 

Porter, U.S. Patent No. 5,064,435, suggests a 
stent made up of two or more tubular stent segments which 

30 may be deployed together so to produce a single axial 

length by a provision of overlapping areas. This concept 
is to permit the use of segments of known length, which, 
when deployed, may be used together in overlapping 
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fashion additively to provide a stent of significant 
length, 

Quan-Gett, U.S. Patent No. 5,151,105; discloses 
an implantable, * collapsible tubular sleeve apparently of 
5 an outer band and an inner spring used to maintain the 
sleeve in a deployed condition. 

Wall, U.S. Patent No. 5,192,307, suggests a 
stent having a number of holes therein and which is 
expandable using an angioplasty balloon so to allow 
10 ratchet devices or ledges to hold the stent in an open 
position once it is deployed. 

The following patents use wire as the stent 

material . 

Gianturco, in U.S. Pat. Nos . 4,580,568 and 
15 5,035,706, describes stents formed of stainless steel 

wire arranged in a closed zigzag pattern. The stents are 
compressible to a reduced diameter for insertion into and 
removal from a body passageway. The stents appear to be 
introduced into the selected sites by discharge of the 
20 collapsed zigzag wire configuration from the tip of a 
catheter . 

U.S. Patent Nos. 4,830,003 and 5,104,404, to 
Wolff et al . , shows a stent of a zigzag wire 
configuration very similar in overall impression to the 

25 Gianturco device. However, the stent is said to be self- 
expanding and therefore does not need the angioplasty 
balloon for its expansion. 

Hillstead, U-S. Patent 4,856,516, suggests a 
stent for reinforcing vessel walls made from a single 

30 elongated wire. The stent produced is cylindrical and is 
made up of a series of rings which are, in turn, linked 
together by half-hitch junctions produced from the single 
elongated wire. It is not helically wound, nor is there 
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a second linking member tending to link the helices 
together . 

Wiktor, U.S. Patent Nos. 4,649,992, 4,886,062, 
4,969,458, and 5,133,732, shows wire stent designs using 
5 variously a zigzag design or, in the case of Wiktor '458, 
a helix which winds back upon itself. Wiktor '062 
suggests use of a wire component made of a low-memory 
metal such as 'copper, titanium or gold. These stents are 
to be implanted using a balloon and expanded radially for 

10 plastic deformation of the metal. 

Wiktor '458 is similarly made of low-memory 
alloy and is to be plastically deformed upon its 
expansion on an angioplasty balloon. 

Wiktor '732 teaches the use of a longitudinal 

15 wire welded to each turn of the helically wound zig-zag 
wire which is said to prevent the longitudinal expansion 
of the stent during deployment. A further variation of 
the described stent includes a hook in each turn of the 
helix which loops over a turn in an adjacent turn. 

20 Neither variation includes a flexible linkage between 
adjacent helices. 

W093/13825, to Maeda et al, shows a self- 
expanding stent similar to the Gianturco, Wolff, and 
Wiktor designs, foirmed of stainless steel wire, which is 

25 built into an elongated zig-zag pattern, and helically 
wound about a central axis to form a tubular shape 
interconnected with a filament. The bends of the helix 
each have small loops or "eyes" at their apexes. which are 
inter- connected with a filament. Because of the teaching 

3 0 to connect the eyes of the apexes, the stent appears to 
be a design that axially expands during compression and 
may tear attached grafts because of the relative change 
in position of the arms of the zig-zag during compression 
of the stent. 

35 
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MacGregor, U.S. Pat. No- 5,015,253, shows a 
tubular non-^woven stent made up of a pair of helical 
members which appear to be wound using opposite 
"handedness". The stent helices desirably are joined or 
5 secured at the various points where they cross. 

Pinchuk, in U.S. Pat. Nos. 5,019,090, 
5,092,877, and 5,163,958, suggests a spring stent which 
appears to circumf erentially and helically wind about as 
it is finally deployed except, perhaps, at the very end 

10 link of the stent. The Pinchuk '958 patent further 
suggests the use of a pyrolytic carbon layer on the 
surface of the stent to present a porous surface of 
improved antithrombogenic properties. The helices are 
not linked to each other, however, nor is there any 

15 suggestion that the helices be maintained in a specific 
relationship either as deployed or as kept in the 
catheter prior to deployment. 

U.S. Patent No. 5,123,917, to Lee, suggests an 
expandable vascular graft having a flexible cylindrical 

20 inner tubing and a number of "scaffold members" which are 
expandable, ring- like, and provide circumferential 
rigidity to the graft. The scaffold members are deployed 
by deforming them beyond their plastic limit using, e.g., 
an angioplasty balloon. 

25 Tower, in U.S. Pat. Nos. 5,161,547 and 

5,217,483, shows a stent formed from a zig-zag wire woxrnd 
around a mandrel in a cylindrical fashion. It is said to 
be made from "a soft platinum wire which has been fully 
annealed to remove as much spring memory as possible," A 

30 longitudinal wire is welded along the helically wound 
sections much in the same way as was the device of 
Wiktor . 

There are a variety of disclosures in which 
super-elastic alloys such as nitinol are used in stents. 

35 
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See, U,S, Patent Nos. 4,503,569, to Dotter; 4,512,338, to 
Balko et al.; 4,990,155, to Wilkoff; 5,037,427, to 
Harada, et al-; 5,147,370, to MacNamara et al.; 
5,211,658, to Clouse; and 5,221,261, to Termin et al. 
5 None of these references suggest a device having 

discrete, individual, energy- storing torsional members as 
are required by this invention. 

Jervis, in U.S. Pat.' Nos. 4,665,906 and 
5,067,957, describes the use of shape memory alloys 
10 having stress -induced martensite properties in medical 
devices which are implantable or, at least, introduced 
into the human body. 

Stent -Grafts 

15 A variety of stent -graft designs are shown in 

. the following literature. 

Perhaps the most widely known such device is 
shown in Ersek, U.S. Pat. No. 3,657,744, Ersek shows a 
system for deploying expandable, plastically deformable 
20 stents of metal mesh having an attached graft through the 
use of an expansion tool. 

Palmaz describes a variety of expandable 
intraluminal vascular grafts in a sequence of patents: 
U.S. Patent Nos. 4,733,665; 4,739,762; 4,776,337; and 
25 5,102,417. The Palmaz '665 patent suggests grafts (which 
also function as stents) that are expanded using 
angioplasty balloons. The grafts are variously a wire 
mesh tube or of a plurality of thin bars fixedly secured 
to each other. The devices are installed, e.g., using an 
30 angioplasty balloon and consequently are not seen to be 
sel f - expanding . 

The Palmaz '762 and '337 patents appear to 
suggest the use of thin-walled, biologically inert 

35 
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materials on the outer periphery of the earlier--described 
stents . 

Finally, the Palmaz '417 patent describes the 
use of multiple stent sections each flexibly connected to 
5 its neighbor. 

Rhodes, U.S. Pat. No. 5,122,154, shows an 
expandable stent -graft made to be expanded using a 
balloon catheter. The stent is a sequence of ring- like 
members formed of links spaced apart along the graft. 
10 The graft is a sleeve of a material such as expanded 
polyf luorocarbon, e.g., GORETEX or IMPRA.GRAFT. 

Schatz, U.S. Pat. No. 5,195,984, shows an 
expandable intraluminal stent and graft related in 
concept to the Palmaz patents discussed above. Schatz 
15 discusses, in addition, the use of flexibly-connecting 

vascular grafts which contain several of the Palmaz stent 
rings to allow flexibility of the overall structure in 
following curving body lumen. 

Cragg, "Percutaneous Femoropopliteal Graft 
20 Placement", Radiology , vol. 187, no. 3, pp. 643-648 

(1993), shows a stent-graft of a self -expanding, nitinol, 
zig-zag, helically wound stent having a section of 
polytetrafluoroethylene tubing sewed to the interior of 
the stent. 

25 Cragg (European Patent Application 0,556,850) 

discloses an intraluminal stent made up of a continuous 
helix of zig-zag wire and having loops at each apex of 
the zig-zags. Those loops on the adjacent apexes are 
individually tied together to form diamond- shaped 

30 openings among the wires. The stent may be made of a 
metal such as nitinol (col. 3, lines 15-25 and col. 4, 
lines 42+) and may be associated with a 
"polytetrafluoroethylene (PTFE) , dacron, or any other 
suitable biocompatible material". Those biocompatible 

35 
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materials may be inside the stent (col. 3, lines 52-f) or 
outside the stent (col. 4, lines 6^). There is no 
suggestion that the zig-zag wire helix be re-aligned to 
be "in phase" rather than tied in an apex-to-apex 
5 alignment. The alignment of the wire and the way in 

which it is tied mandates that it expand in length as it 
is expanded from its compressed form* 

Grafts 

10 As was noted above, the use of grafts in 

alleviating a variety of medical conditions is well 
known. Included in such known grafting designs and 
procedures are the following. 

Medell, U.S. Patent No. 3,479,670, discloses a 

15 tubular prothesis adapted to be placed permanently in the 
human body. It is made of framework or support of a 
synthetic fiber such as DACRON or TEFLON. The tube is 
said to be made more resistant to collapse by fusing a 
helix of a polypropylene monofilament to its exterior. 

20 The reinforced fabric tube is then coated with a layer of 
collagen or gelatin to render the tubing (to be used as 
an esophageal graft) impermeable to bacteria or fluids. 

Sparks, in U.S. Patent Nos. 3,514,791, 
3,625,198, 3,710,777, 3,866,247, and 3,866,609, teach 

25 procedures for the production of various graft structures 
using dies of suitable shape and a cloth reinforcing 
material within the die. The die and reinforcement are 
used to grow a graft structure using a patient's own 
tissues. The die is implanted within the human body for 

3 0 a period of time to allow the graft to be produced. The 
graft is in harvested and implanted in another site in 
the patient's body by a second surgical procedure. 

Braun, in U.S. Patent No. 3,562,820, shows a 
biological prosthesis manufactured by applying onto a 

35 

13 



SUBSTITUTE SHEET (RULE 26) 



wo 95/26695 



support of a biological tissue (such as serosa taken from 
cattle intestine) a collagen fiber paste. The procedure 
is repeated using multiple layers of biological tissue 
and collagen fiber paste until a multi-layer structure of 
5 the desired wall thicknesses is produced. The prosthesis 
is then dried and removed prior to use, 

Dardik et al, U.S. Patent No. 3,974,526, shows 
a procedure for producing tubular prostheses for use in 
vascular reconstructive surgeries. The prosthesis is 

10 made from the umbilical cord of a newly born infant. It 
is washed with a solution of 1 percent hydrogen peroxide 
and rinsed with Ringer's lactate solution. It is then 
immersed in a hyaluronidase solution to dissolve the 
hyaluronic acid coating found in the umbilical cord. The 

15 vessels are then separated from the cord and their 

natural interior valving removed by use of a tapered 
mandrel. The vessels are then tanned with 
glutaraldehyde . A polyester mesh support is applied to 
the graft for added support and strength. 

20 Whalen, U.S. Patent No. 4,130,904, shows a. 

prosthetic blood conduit having two concentrically 
associated tubes with a helical spring between them. 
Curved sections in the tube walls help prevent kinking of 
the tube. 

25 Ketharanathan, U.S. Patent No. 4,319,363, shows 

a procedure for producing a vascular prosthesis suitable 
for use as a surgical graft. The prosthesis is produced 
by implanting a rod or tube in a living host and allowing 
collagenous tissue to grow on the rod or tube in the form 

30 of coherent tubular wall. The collagenous implant is 
removed from the rod or tube and tanned in 
glutaraldehyde. The prosthesis is then ready for use. 

Bell, U.S. Patent No. 4,546,500, teaches a 
method for making a vessel prosthesis by incorporating a 
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contractile agent such as smooth muscle cells or 
platelets into a collagen lattice and contracting the 
lattice around a inner core. After the structure has 
set, additional layers are applied in a similar fashion. 
5 A plastic mesh sleeve is desirably sandwiched between the 
layers or imbedded within the structure to provide some 
measure of elasticity. 

Hoffman Jr. et al, U.S. Patent No. 4,842,575, 
shows a collagen impregnated synthetic vascular graft. 

10 It is made of a synthetic graft substrate and a cross - 
linked collagen fibril. It is formed by depositing a 
aqueous slurry of collagen fibrils into the lumen of the 
graft and massaging the slurry into the pore structure of 
the substrate to assure intimate admixture in the 

15 interior. Repeated applications and massaging and drying 
is said further to reduce the porosity of the graft. 

Alonoso, U.S. Patent No. 5,037,377, is similar 
in overall content to the Hoffman Jr. et al patent 
discussed above except that, in addition to collagen 

20 fibers, soluble collagen is introduced into the fabric. 
A suitable cross -linking agent such as glutaraldehyde is 
used to bond adjacent collagen fibers to each other. 

Slepian et al, U.S. Patent No, 5,213,580, 
teaches a process described. as "paving" or "stabilizing 

25 by sealing the interior surface of a body vessel or 
organ" by applying a biodegradable polymer such as a 
polycaprolactone . The polymer is made into a tubular 
substrate, placed in position, and patched into place. 

Finally, there are known vascular grafts using 

30 collagenous tissue with reinforcing structure. For 
instance, Pinchuk, in U.S. Patent Nos. 4,629,458 and 
4,798,606, suggests the use of collagen with some other 
type of fibrous structure supporting the collagen as a 
biograft. Similarly, Sinofsky et al., U.S. Pat. No, 
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5,100,429, suggests a partially-cured, collagen-based 
material used to form a graft within a blood vessel, 

Kreamer, U,S. Pat. No. 4,740,207, suggests a 
intraluminal graft made of a semi -rigid resilient tube, 
5 open along a seam extending from one end to the other, 
which is expanded within the vessel and which resulting 
larger diameter is maintained by use of a ledge at the 
longitudinal seam for catching the opposite side of the 
seam on the expanded graft, 

10 

We have found that elasticity, or the ability 
of a material to return to its original shape after a 
deformation, can be maintained in smaller stents by the 
distribution of folding deformation throughout the 

15 structure • By incorporating hinges or hinge regions into 
the structure, the distribution of "localized" folding 
deformation is maximized. The hinge regions include 
torsion members allowing a significant portion of the 
folding displacement to be re -oriented parallel to the 

20 longitudinal axis of the stent-graft. The act of 

folding, crushing, or otherwise elastically deforming the 
stent creates a significant torsional component in the 
torsion members which component is parallel to that 
longitudinal axis. The hinges are positioned at least at 

25 each of the fold points around the circumference of the 
stent where folding is desired. The circumf erentially 
oriented regions of the stents, which connect the torsion 
members, pivot about the torsion members, causing the 
torsion members to undergo a twisting deformation. In 

30 order to avoid exceeding the elastic limit of the 

material, the length of the torsion members is increased 
to lower the amount of twist per length or strain 
imposed. The orientation of the torsion members is such 
that their length does not increase the circumference of 
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the device. None of the cited references suggest such a 
device . 

SUMMARY OF THE INVENTION 
5 This invention is a foldable stent or stent- 

graft which may be percutaneously delivered through or 
over a catheter or using surgical techniques or other 
appropriate methodologies. The expandable stent 
structure utilizes torsional regions which allow it to be 

10 folded to a very small diameter prior to deployment 

without significant def oannation. The torsional members 
may have an undulating shape which may be helically 
deployed to form the stent's cylindrical shape- The 
torsional members may also be found in one or more rings 

15 spaced axially along the stent. It may be helically 
deployed to form the generally cylindrical shape 
eventually deployed as the stent or it may be formed of 
one or more rings. The undulating shape may be aligned to 
allow the shapes in adjacent turns of the helix to be in 

20 phase. The undulating shapes may be generally V^-shaped, 
U-shaped, sinusoidal, or ovoid. Adjacent undulating 
shapes may be held in the phased relationship using a 
flexible linkage, often made of a polymeric material. 
The undulating torsional members typically will not have 

25 any means at {or near) the apex of the undulating shapes 
which would tend to constrict the movement of the 
flexible linkage during compression of the stent. The 
stent may be expanded with the use of an installation 
device such as an angioplasty balloon but preferably is 

30 used as a self -expandable device. 

The graft component used to complement the 
stent may be tubular if such a form is needed to 
correspond to the shape of the stent and the vessel. One 
desirable stent material is collagenous material which 
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may, if desired, be reinforced with fibers of random, 
woven, roving, or wound configurations. The graft member 
may be cast onto or otherwise attached or imbedded into 
the stent structure. The stent -graft may be used to 
5 reinforce vascular irregularities and provide a smooth 
interior vascular surface, particularly within smaller 
vessels. Other vessels are also suitably used with 
collagenous grkfts. 

The graft component may also be a polymeric 

10 material which may be attached variously to the filament 
used to maintain the shape of the stent structure (when 
such filament is used) or to the stent structure itself. 
The graft component desirably is a biocompatible, 
expanded polyf luoroethylene polymer tubular component. 

15 Highly desirable is a graft component comprised of an 
expanded porous polymeric tubing having collagenous 
material embedded in the pore's of the polymeric tubing. 
The attachment between the graft component and the stent, 
e-g., by bonding the graft component to the flexible 

20 linkage or by using eyelets or other discrete or 

continuous linking sites, is desirably crafted to allow 
the stent torsional members to slide longitudinally with 
respect to each other and to the graft component and so 
maintain the interior shape of graft. This is to say 

25 that the graft component is supported at a variety of 
sites located along its outer surface. Bending the 
stent -graft combination distributes the flexing movement 
of the graft over a long region because of the 
distributed support of the stent. The tendency of the 

30 graft component to kink in a single site is minimized and 
the resultant flexing is observed to take place in a 
collection of smaller non-kinking bends located among the 
tie points to the stent or the stent's filament. 
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A further variation of the inventive includes 
stent -grafts which are have open areas to allow access 
between the inner lumen and outer surface through the 
stent structure. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures lA, IB, IC, ID, and IE are plan views 
of an unrolled stent form making up the helical variation 
of the invention. 
10 Figure 2 is a side view of the inventive 

helical stent. 

Figure 3 is a close-up of a portion of the 
inventive helical stent shown in Figure 2. 

Figure 4 is an abstracted portion of an 
15 inventive helical stent and shows the result of torsion 
on a portion of that stent. 

Figure 5 is a side view of the inventive 
helical stent showing a variation having flared ends. 

Figures 6, 7, and 8 show plan views of an 
20 unrolled helical stent produced from flat stock. 

Figure 9 shows a quarter view of the rolled 
stent using the flat stock pattern shown in Figure 7. 

Figure 10 shows a device for winding and heat 
treating a stent made according to the invention. 
25 Figures 11 and 12 are close-ups of a portion of 

the inventive stent -graft showing multiple distributed 
attachment points between the stent and the graft. 

Figure 13 shows a front quarter view of a stent 
graft of the type shown in Figures 11 and 12. 
30 Figure 14 is a plan view of an unrolled stent 

form making up the ring variation of the inventive stent. 

Figure 15 is a quarter view of a generic ring 
variation of the stent making up the invention. 
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Fignure 16 is an end view and shows the 
placement of the inventive ring stent the bending of 
certain portions after placement, 

Figure 17 is a cutaway close-up of the 
5 inventive ring stent shown in Figure 16. 

Figure 18 is an abstracted portion of an 
inventive ring stent and shows the concept of causing a 
torsion on a portion of the stent. 

Figure 19 shows a plan view of an unrolled 
10 stent produced from wire . 

Figure 20 shows a plan view of an unrolled 
isolated ring making up a stent according to the 
invention. 

Figure 21 shows a quarter view of the rolled 
15 isolated ring of Figure 20. 

Figure 22 shows a plan view of multiple 
unrolled isolated rings suitable for making up a stent 
according to the invention. 

Figures 23, 24, and 25 show plan views of 
20 variations of unrolled ring stents made according to the 
invention. 

Figures 26 and 27 show end view cutaways of 
stent -grafts made according to the invention. 

Figure 28 shows the placement of a continuous 
25 graft on a stent graft covering the entrance to a side 
branch. 

Figures 29, 20, 31, and 32 show side-views of 
stent-grafts with non- continuous graft surfaces. 

Figures 33A, 33C, and 33E show procedures for 
30 folding the stent -grafts made according to the invention. 
Figures 33B, 33D, and 33F show the corresponding folded 
stent^graf ts. 
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Figures 34A-34C show a schematic procedure for 
deploying the inventive stent -grafts using an external 
sleeve • 

Figures 35A and 36A show front quarter views of 
5 folded stents or stent -grafts held in that folded 

position by a tether wire. Figures 35B, 35C, 36B, and 
36C show end views of the folded stent and of the open 
stent shown respectively in Figures 35A and 36A. 

Figures 37A-37C show a schematic procedure for 
10 deploying the inventive stent-grafts (as shown in Figures 
SSA-SSC and 36A-36C} using a tether wire. 

Figure 38 shows a close-up view of a stent fold 
line using a preferred sack knot in the slip line. 

Figures 39 and 40 show front quarter views of 
15 folded stents or stent -grafts held in that folded 
position by a tether wire using a sack knot. 

DESCRIPTION OF THE INVENTION 
2ls was noted above, this invention is variously . 

20 an expandable stent, a stent-graft, and a fiber 

reinforced stent -graft* The stent -graft may be a 
conibination of the following: a thin-walled tube (or 
graft) generally coaxial with the stent and the 
expandable stent structure. The tubular graft may 

25 comprise a porous polymeric tube, e.g., of an expanded 

PTFE, having a collagenous material embedded in te pores 
of the tube. The graft material may optionally contain 
fibrous reinforcement material- The stent and the 
optional reinforcing fibers may be imbedded in the wall 

30 of the thin-walled tube. The expandable stent structure 
is a generally cylindrical body produced either of a 
helically placed (wound or otheirwise preformed) torsion 
member having an undulating or serpentine shape or a 
series of axially spaced rings comprising those torsion 
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members. When the undulating torsion member is formed 
into the cylinder, the undulations may be aligned so that 
they are "in phase" with each other. The undulations 
are desirably linked, typically with a flexible linkage 
5 of a suitable metallic or polymeric material, to maintain 
the phased relationship of the undulations during 
compression and deployment and during bending of the 
stent. These stent configurations are exceptionally 
kink-resistant and flexible, particularly when flexed 

10 along the longitudinal axis of the stent. 

When the stent is used in a reinforced stent - 
graft, that is to say: the stent is included into a 
thin-walled tube having reinforcing fibers, the fibers 
may be formed into a network, such as a tubular mesh. The 

15 stent -graft may be delivered percutaneously through the 
vasculature after having been folded to a reduced 
diameter. Once reaching the intended delivery site, it 
is expanded to form a lining on the vessel wall. 

Central to one variation of the invention is 

20 the distributed attachment of the stent component to the 
graft component via, e.g., the bonding of the graft to 
the filament which may used to maintain the stent in its 
tubular shape or via bonding to other loops, eyelets, or 
fasteners associated with or adhering to the stent 

25 component to allow the stent to move locally with respect 
to the graft and maintain the open structure of the graft 
lumen. 

A further variation of the inventive includes 
stent-grafts which are have open areas to allow access 
30 between the inner lumen and outer surface through the 
stent structure. 

Methods of delivering the various devices using 
a percutaneous catheter either with or without expansion 
aids are also an aspect of the invention. 
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Stent Component 

The materials typically used for vascular 
grafts, e.g., synthetic polymers or fabrics or collagen, 
5 usually do not have the stiffness or strength alone both 
to stay open against the radial inward loads found in 
those vessels and to prevent their slippage from the 
chosen deployment site. In order to provide the strength 
required, a radially rigid stent structure may be 
10 incorporated into the stent-graft. Our stent is 

constructed of a reasonably high strength material, i.e,, 
one which is resistant to plastic deformation when 
stressed. The structure is typically from one of three 
sources : 

15 

1. ) a wire form in which a wire is first formed 
into an undulating shape and the resulting 
undulating shape is helically wound to form a 
cylinder, 

20 

2. ) an appropriate shape is formed from a flat 
stock and wound into a cylinder, and 



3.) a length of tubing is formed into an 
25 appropriate shape. 

These stent structures are typically oriented coaxially 
with the tubular graft component. The stent structures 
may be placed on the outer surface or the inner surface 
30 of the tubular member although the stent may be imbedded 
in the graft tubing wall for ease of integration with the 
tubing and to prevent the stent's exposure to bodily 
fluids, such as blood. It is desired that the stent 
structure have the strength and flexibility to tack the 

35 
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graft tubing firmly and conformally against the vessel 
wall. In order to minimize the wall thickness of the 
stent-graf t , the stent material should have a high 
strength- to-volume ratio. The designs do not suffer from 
5 a tendency to twist (or helically unwind) or to shorten 
as the stent is deployed. As will be discussed below, 
materials suitable in these stents and meeting these 
criteria include various metals and some polymers. 

A stent or stent-graft, whether delivered 

10 percutaneously or via a body orifice must expand from the 
reduced diameter necessary for delivery to a larger 
deployed diameter. The diameters of these devices 
obviously vary with the size of the body lumen into which 
they are placed. For instance, the stents of this 

15 invention may range in size from 2.0mm in diameter (for 
vascular neurological applications) to 30mm in diameter 
(for placement in the aorta) . A range of about 2.0mm to 
6.5mm (perhaps to 10.0mm) is believed to be desirable. 
Typically, expansion ratios of 2:1 or more are required. 

20 These stents are capable of expansion ratios of up to 5:1 
for larger diameter stents. Typical expansion ratios for 
use with the stents and stent -grafts of the invention 
typically are in the range of about 2:1 to about 4:1 
although the invention is not so limited. The thickness 

25 of the stent materials obviously varies with the size (or 
diameter) of the stent and the ultimate required yield 
strength of the folded stent. These values are further 
dependent upon the selected materials of construction. 
Wire used in these variations are typically of stronger 

30 alloys, . e.g. , nitinol and stronger spring stainless 

steels, and have diameters of about 0.002 inches to 0.005 
inches. For the larger stents, the appropriate diameter 
for the stent wire may be somewhat larger, e.g., 0.005 to 
0.020 inches. For flat stock metallic stents, 

35 

24 

SUBSTITUTE SHEET (RULE 26) 



thicknesses of about 0.002 inches to 0,005 inches is 
usually sufficient. For the larger stents, the 
appropriate thickness for the stent flat stock may be 
somewhat thicker, e.g., 0.005 to 0.020 inches. 
5 The stent -graft is fabricated in the expanded 

configuration. In order to reduce its diameter for 
delivery the stent-graft would be folded along its 
length, similar to the way in which a PCTA balloon would 
be folded. It is desirable, when using super-elastic 

10 alloys which are also have temperature -memory 

characteristics, to reduce the diameter of the stent at a 
temperature below the transition-temperature of the 
alloys. Often the phase of the alloy at the lower 
temperature is somewhat more workable and easily formed. 

15 For instance, at nitinol martensitic temperatures, the 

alloy material provides minimal resistance to folding and 
tends to maintain the folded configuration. The 
temperature of deployment is desirably above the 
transition temperature to allow use of the super-elastic 

20 properties of the alloy. 

Thus, a preferred method for folding the stent- 
graft (when super-elastic alloys are used) comprises the 
steps of chilling the stent-graft to the martensitic 
temperature of the alloy, folding the stent-graft to the 

25 desired reduced diameter configuration and constraining 

the stent-graft in that folded configuration. The device 
is then allowed to warm to the austenitic temperature of 
the alloy (e.g., when the austenitic temperature is at or 
below room temperature) or above. This warming can be 

30 done, for example, before or after it is packaged. In 

use, the folded stent-graft is delivered to the treatment 
site and the constraint removed so that it can return to 
its original configuration to serve its intended purpose. 

Alternatively, heat from the body or another 
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source coupled to the alloy material can be used to 
trigger the shape memory of the material. In that case, 
the alloy is selected to have an austenitic temperature 
above room temperature. Heat from the body or another 
5 source is used to heat the alloy material to its 

austenitic temperature as the device is delivered to the 
selected site so that upon release of the constraint, the 
device returns to its original configuration. 

10 Helical stents 

As a generic explanation of the mechanical 
theory of the helical variation of the inventive stent, 
reference is made to Figures lA, IB, IC, ID, IE, 2, 3, 
and 4. Figure lA is a plan view of an isolated section 

15 of the inventive stent device and is intended both to 
identify a variation of the invention and to provide 
conventions for naming the components of the torsion 
member (100) . Figure lA shows, in plan view, an 
undulating torsion member (100) formed from a wire stock 

20 into a U-shape. A torsion pair (102) is made up of an 
end member (104) and two adjacent torsion lengths (106) • 
Typically, then, each torsion length (106) will be a 
component to each of its adjacent torsion pairs (102) . 
The U-shaped torsion pair (102) may be characterized by 

25 the fact that the adjacent torsion lengths are generally 
parallel to each other prior to formation into the stent. 

Generically speaking, the stents of this 
invention use undulating torsion members which are "open" 
or "unconfined" at their apex or end member (104) . By 

30 "open" or "unconfined" we mean that the apex or end 

member (104) does not have any means in that apex which 
would tend to inhibit the movement of the flexible 
linkage (discussed below) down between the arms or 
torsion lengths (106) of the torsion pair (102) . 
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Figure IB shows another variation of the 
invention having a sinusoidal shaped torsion member 
(108) . In this variation, the adjacent torsion lengths 
(110) are not parallel and the* wire forms an approximate 
5 sine shape before being formed into a cylinder. 

Figure IC shows a variation of the invention 
having an ovoid shaped torsion member (112) . In this 
variation, the adjacent torsion lengths (114) are again 
not parallel . The wire forms an approximate open-ended 

10 oval with each torsion pair (116) before being formed 
into a cylinder. 

Figure ID shows another variation of the 
invention having a V-shaped torsion member (118) . In 
this variation, the adjacent torsion lengths (120) form a 

15 relatively sharp angle at the torsion end (122) shape 
before being formed into a cylinder. 

Figure IE shows a variation of the invention in 
which adjacent torsion members on the stent (117) have 
differing amplitude. The peaks of the high amplitude 

20 torsion members (119) may be lined up "out of phase" or 
"peak to peak" with short amplitude (121) or high 
amplitude torsion members in the adjacent turn of the 
helix or may be positioned "in phase" similar to those 
discussed with regard to Figure 2 below. 

25 The configurations shown in Figs lA-lE are 

exceptionally kink- resistant and flexible when flexed 
along the longitudinal axis of the stent. 

As ultimately deployed, a section of the 
torsion member found on one of Figures lA - ID would be 

30 helically wound about a form of an appropriate size so 
that the end members (e.g., 104 in Figure lA) would be 
centered between the end members of the torsion member on 
an adjacent turn of the helix. This is said to be "in 
phase". "Out of phase" would be the instance in which the 
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adjacent members meet directly, i.e*, end member-to-end 
member. In any event, once so aligned, the phasic 
relationship may be stabilized by weaving a flexible 
linkage through the end members from one turn of the 
5 helix to the next. 

Figure 2 shows a side view of a typical stent 
(122) made according to this invention including the 
phased relationship of the helical turns of the stent and 
the flexible linkage (124) . Figure 3 shows a close-up of 

10 the Figure 2 stent and depicts the phased relationship 

(within box A) and shows in detail a typical way in which 
the flexible linkage (124) is looped through the various 
end members (104) to maintain the phased relationship. 
It may be noted that the flexible linkage (124) is free 

15 to move away from the apex at the end members (104) 
without constraint. 

The stent may be folded in some fashion (as 
will be discussed below) for deployment. During the step 
of folding, the stent undergoes a transformation. Figure 

20 4 shows an isolated torsion pair (102) . When the torsion 
pair (102) undergoes a flexing in the amount of of**, the 
end member will flex some amount /S^, torsion length (130) 
will xmdertake a twist of y^, and torsion length (.132) 
will undertake a twist opposite of that found in torsion 

25 length (130) in the amount of 6^. The amounts of angular 
torsion found in the torsion lengths (130 and 132) will 
not necessarily be equal because the torsion lengths are 
not necessarily at the same angle to the longitudinal 
axis of the stent. Nevertheless, the sum of /S^-f-y^^+S** 

30 will equal . When a value of is chosen, as by 
selection of the shape and size of the stent upon 
folding, the values of the other three angles ( i8°,7^,6*^) 
are chosen by virtue of selection of number of torsion 
pairs around the stent, size and physical characteristics 
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of the wire, and length of the torsion lengths (103 and 
132) . Each of the noted angles must not be so large as to 
exceed the values at which the chosen material of 
construction plastically deforms at the chosen value of 
5 ce*^. 

To further explain the invention: it should 
understood that the torsion pair (102) undergoes a 
significant of flexing as the stent is folded or 
compressed in some fashion. The flexing provides a twist 

10 to the torsion lengths (103 and 132), a significant 
portion of which is generally parallel to the 
longitudinal axis of the stent. It is this significant 
imposed longitudinal torsion which forms an important 
concept of the inventive stent. 

15 As noted elsewhere, in one very desirable 

variation of the inventive stent, as deployed in Figures 
2 and 3, the stent is folded longitudinally and is 
delivered through the lumen of the catheter in such a way 
that it is self-restoring once it has been introduced to 

20 the selected body lumen site. This stated desire is not 
to rule out the use of the inventive stent or stent -graft 
with a balloon or expander or other shape -restoring tool 
if so desired, but the design of the stent is meant to 
eliminate the need for (or, at least to minimize the need 

25 for) such expanding tools. 

With that preliminary background in place, it 
should be apparent that a simple tube of metal will 
undergo plastic deformation when sufficient force is 
applied radially to the outside of the tube. The amount 

30 of force needed to cause that plastic deformation will 
depend on a wide variety of factors, e.g., the type of 
metal utilized in the tube, the width of the tube, the 
circumference of the tube, the thickness of the material 
making up the band, etc. The act of attempting to fold a 
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tube along its centered axis in such a way to allow it to 
pass through a lumen having the same or smaller diameter 
and yet maintain the axis of the folded stent parallel to 
the axis of the lumen invites plastic deformation in and 
5 of the stent . 

The inventive helical stent uses concepts which 
can be thought of as widely distributing and storing the 
force necessary to fold the tubular stent into a 
configuration which will fit through a diameter smaller 

10 than its relaxed outside diameter without inducing 

plastic deformation of the constituent metal or plastic 
and yet allowing those distributed forces to expand the 
stent upon deployment. 

Once the concept of distributing the folding or 

15 compression stresses both into a bending component (as 
typified by angle iS^ in Figure 4) and to twisting 
components (as typified by angle and 6^ in Figure 4) , 
and determining the overall size of a desired stent, 
determination of the optimum materials as well as the 

20 sizes of the various integral components making up the 
stent becomes straightforward. Specifically, the 
diameter and length of torsion lengths (130 and 132) and 
end sector (104) , the number of torsion pairs (102) 
around the stent may then be determined. 

25 Figure 5 shows, in side view, a variation of 

the inventive stent (140) made from wire having flares 
(142) at one or both ends. The flaring provides a secure 
anchoring of the stent or stent --graft (140) against the 
vessel wall. This prevents the implant from migrating 

30 downstream. In addition, the flaring provides a tight 
seal against the vessel so that the blood is channelled 
through the lumen rather than outside the graft . The 
undulating structure may vary in spacing to allow the 
helix turns to maintain its phased relationship between 
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turns of the helix and to conform to the discussion just 
above. A flexible linkage between the contiguous helical 
turns may also be applied to at least a portion of the 
helices. 

5 The helical stent structure may also be made by 

forming a desired structural pattern out of a flat sheet. 
The sheet may then be rolled to form a tube. Figures 6, 
7, and 8 show plan views of torsion members {respectively 
200, 202, and 204) which may be then rolled about an axis 

10 (206) to form a cylinder. As is shown in Figure 9, the 
end caps (208) may be aligned so that they are "out of 
phase". The flexible linkage (210) is then included to 
preserve the diameter of the stent. 

The stent shown in Figure 9 may be machined 

15 from tubing. If the chosen material in nitinol, careful 
control of temperature during the machining step may be 
had by EDM (electro-discharge-machining) , laser cutting, 
chemical machining, or high pressure water cutting. 

It should be clear that a variety of materials 

20 variously metallic, super elastic alloys, and preferably 
nitinol, are suitable for use in these stents. Primary 
requirements of the materials are that they be suitably 
springy even when fashioned into very thin sheets or 
small diameter wires. Various stainless steels which 

25 have been physically, chemically, and otherwise treated 
to produce high springiness are suitable as are other 
metal alloys such as cobalt chrome alloys (e.g., 
ELGILOY) , platinum/ tungsten alloys, and especially the 
nickel -titanium alloys generically known as "nitinol". 

30 Nitinol is especially preferred because of its 

"super-elastic" or "pseudo-elastic" shape recovery 
properties, i.e., the ability to withstand a significant 
amount of bending and flexing and yet return to its 
original form without deformation. These metals are 
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characterized by their ability to be transformed from an 
austenitic crystal structure to a stress -induced 
martensitic structure at certain temperatures, and to 
return elastically to the austenitic shape when the 
5 stress is released. These alternating crystalline 
structures provide the alloy with its super-elastic 
properties. These alloys are well known but are 
described in U.S. Pat. Nos. 3,174,851, 3,351,463, and 
3,753,700, Typically, nitinol will be nominally 50.6% 

10 {j:0*2%) Ni with the remainder Ti. Commercially available 
nitinol materials usually will be sequentially mixed, 
cast, formed, and separately cold-worked to 30-40%, 
annealed, and stretched. Nominal ultimate yield strength 
values for commercial nitinol are in the range of 30 psi 

15 and for Young's modulus are about 700 kBar. 

The '700 patent describes an alloy containing a 
higher iron content and consequently has a higher modulus 
than the Ni-Ti alloys. Nitinol is further suitable 
because it has a relatively high strength to volume 

20 ratio* This allows the torsion members to be shorter 
than for less elastic metals. The flexibility of the 
stent -graft is largely dictated by the length of the 
torsion member components in the stent staructural 
component. The shorter the pitch of the device, the more 

25 flexible the stent-graft structure can be made. 

Materials other than nitinol are suitable. Spring 
tempered stainless steels and cobalt -chromium alloys such 
as ELGILOY are also suitable as are a wide variety of 
other known "super-elastic" alloys. 

30 Although nitinol is preferred in this service 

because of its physical properties and its significant 
history in implantable medical devices, we also consider 
it also to be suitable for use as a stent because of its 
overall suitability with magnetic resonance imaging (MRI) 
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technology. Many other alloys, particularly those based 
on iron, are an anathema to the practice of MRI causing 
exceptionally poor images in the region of the alloy 
implant, Nitinol does not cause such problems- 
5 Other materials suitable as the stent include 

certain polymeric materials, particularly engineering 
plastics such as thermotropic liquid crystal polymers 
("LCP's") . These polymers are high molecular weight 
materials which can exist in a so-called "liquid 

10 crystalline state" where the material has some of the 

properties of a liquid (in that it can flow) but retains 
the long range molecular order of a crystal. The term 
"thermotropic" refers to the class of LCP's which are 
formed by temperature adjustment. LCP's may be prepared 

15 from monomers such as p,p' --dihydroxy-polynuclear- 

aromatics or dicarboxy-polynuclear-aromatics . The LCP's 
are easily formed and retain the necessary interpolymer 
attraction at room temperature to act as high strength 
plastic artifacts as are needed as a foldable stent. 

20 They are particularly suitable when augmented or filled 
with fibers such as those of the metals or alloys 
discussed below. It is to be noted that the fibers need 
not be linear but may have some preforming such as- 
corrugations which add to the physical torsion enhancing 

25 abilities of the composite. 

Figure 10 shows a method for producing a stent 
of the configuration shown in Figure 9. It may be used, 
of course, for producing a variety of other 
configurations shown herein. In this procedure, a 

30 preformed strip (211) (preferably nitinol) is rolled onto 
a mandrel (213) having a channel defined by a thread 
(215) . The pitch of the strip (211) is selected using 
the criteria discussed above. The pitch angle (215) 
shown is about 20 but is not critical to the operation 
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of the invention- Once the strip (211) is wound onto the 
mandrel (213) and the assembly is introduced into the 
outer sleeve (217) , the strip (now in the shape of the 
stent) may then be annealed (or at least "heat set") to 
5 assist in maintaining the resulting stent in a useful 
shape. For use in stents of the sizes mentioned 
elsewhere, we have found that nitinol devices may be heat 
treated for five minutes or less at temperatures of 500°C 
without significant lessening of the superelastic 
10 properties. Said another way, heating super-elastic 
alloys must carried out with some care so as not to 
destroy or significantly lessen the super-elastic 
properties . 

The flexible linkage between adjacent turns of 

15 the helix (124 in Figs. 2 and 3) may be of any 
appropriate filamentary material which is blood 
compatible or biocompatible and sufficiently flexible to 
allow the stent to flex and not deform the stent upon 
folding • Although the linkage may be a single or 

20 multiple strand wire (platinum, platinum/tungsten, gold^ 
palladium, tantalum, stainless steel, etc), much 
preferred is the use of polymeric biocompatible 
filaments. Synthetic polymers such as polyethylene, 
polypropylene, polyurethane , polyglycolic acid, 

25 polyesters, polyamides, their mixtures, blends, 

copolymers, mixtures, blends and copolymers are suitable; 
preferred of this class are polyesters such as 
polyethylene terephthalate including DACRON and MYLAR and 
polyaramids such as KEVLAR, polyf luorocarbons such as 

3 0 polytetraf luoroethylene with and without copolymerized 
hexaf luoropropylene (TEFLON or GORETEX) , and porous or 
nonporous polyurethanes . Natural materials or materials 
based on natural sources such as collagen are especially 
preferred is this service. 
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Figure 11 shows a magnified portion of a stent - 
graft (viewed from the outside of the stent -graft) 
incorporating a stent such as is shown in Figures 2 and 3 
and depicts a method for distributively attaching the 
5 stent to the graft component. Specifically, end member 
or apex (104) is flanked by side lengths (106) and is 
looped therethrough by a filament (124) • The graft 
component (134) is seen in the background. The filament 
(124) adheres to the graft (134) at the locations of 

10 contact (138) between the filament (124) and the graft 
component (134) . It should be apparent that the apexes 
(104) are free to move in the direction shown by arrows 
(148) when the stent -graft is flexed. This shows the 
ability of the various apexes to move longitudinally with 

15 respect to each other and yet retain the graft component 
(134) reasonably snug against the inner surface of the 
stent and thereby prevent kinking of that graft component 
(134) • 

Figure 12 shows a close-up of a section of a 
20 stent -graft according to the invention that is similar to 
the stent -graft portion shown in Figure 11 but in which 
the stent is attached to the graft using loops (150) or 
eyelets on the stent. Again this shows a manner of 
distributively attaching the stent to the graft component 
25 (134) . Again, end member or apex (104) is flanked by 

side lengths (106) . Although no filament (124 in Figure 
11) is shown in the variation in Figure 12, it is 
contemplated that the filament (124) may be used in 
conjunction with loops (150) . The graft component (134) 
30 is seen in the background. These loops (150) may be of a 
material which adheres to the graft component (134) at 
the junctions shown at (152) . It is also contemplated 
that the filament (124) may be of material which is 
either adherent to (such as a melt-miscible thermoplastic 
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polymer) or not adherent to (such as a metal or thermoset 
polymer) the graft component (134) when used with the 
loops (152) . 

The scope of materials for the filament (124) , 
5 graft component (134), and loops (152) will be discussed 
in detail below. 

The stent support structure may also be made by 
forming a desired structural pattern out of a flat sheet. 
The formed sheet may then be rolled to form a tube. As 

10 is shown in Figure 13, the end caps (162) may be aligned 
so that they are "out of phase". The flexible linkage 
(164) may then be included to preserve the diameter of 
the stent. The graft component (166) is shown on the 
inner surface of the stent . Loops may be used as was 

15 described above. The graft may be attached to the loops 
or filament in the manner discussed above. 

Ring-based stents 

For a general explanation of the mechanical 

20 theory of the ring-based variation of the inventive 

stent, reference is made to Figures 14 to 17. Figure 14 
is a conceptual schematic of an isolated ring section of 
the inventive stent device and is intended only to 
identify and to provide conventions for naming the 

25 components of the ring. Figure 14 shows, in plan view, 

the layout of the various components of a ring as if they 
were either to be cut from a flat sheet and later rolled 
into tubular formation for use as a stent with welding or 
other suitable joining procedures taking place at the 

30 seam or (if constructed from txibing) the layout as if the 
tubing was cut open. The portion of the stent between 
tie members (300) is designated as a ring (302) or ring 
section. Tie members (300) serve to link one ring (302) 
to an adjacent ring (302) . A torsion pair (304) is made 
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up of a cap member (306) and two adjacent torsion memtoers 
(308) • Typically, then, each torsion member (308) will 
be a component to each of its adjacent torsion pairs 
(304) , 

5 As ultimately deployed, a roll of the sheet 

found in Figure 14 would be entered into the body lumen. 
Typically, it would be folded in some fashion which will 
be discussed below. A front quarter perspective view of 
the rolled stent is shown in the Figure 15. Figure 16 

10 shows an end view of the deployed device. In Figure 16, 
the wall of the body vessel (310) is shown with the end 
view of cap members (306) . As is more clearly shown in 
Figure 17, the end of the cap members (306) are separated 
into three distinct areas: Two opposing sectors (312) 

15 and a center sector (314) . This distinction is made 

because as a bending moment is applied along the end of 
that cap member (306) , the majority of the flexing in 
that cap member takes place along center sector (314) • 
The angle (a) between the opposing sectors (312) is a 

20 measure of that flexing. 

Further to the understanding of the concept of 
the ring-based stent device is Figure 18 • Figure 18 
shows an abstracted section of the sheet found in Figure 
17 in which two cap members (30S) and a torsion member 

25 (308) are shown in isolation from the Figure 14 sheet. 

Figure 18 shows the concept of the torsional twist angle 
(t) as it relates to the ring--based stent. For the 
purposes of discussion here, the angles (a) and .(t) are 
measured from the same reference, the ends of the cap 

30 members (306) and assumes that the two cap members (306) 
shown in Figure 18 each define a plane as they are flexed 
and the two planes so defined are parallel to each other. 

This desirable variation of the inventive 
stent, as deployed in Figures 16 and 17, may be folded 
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longitudinally and delivered via a catheter or other 
delivery mechanism much in the same way the helical stent 
is delivered. This stent may also be used with a balloon 
or expander or other shape -restoring tool if so desired, 
5 but the design of the stent is meant to eliminate the 
need for {or, at least to minimize the need for) such 
expanding tools. 

This variation of the inventive stent uses the 
same design concept described above, i.e., distribution 

10 of the force necessary to fold the tubular stent into a 
configuration which will fit through a diameter smaller 
than its relaxed outside diameter without inducing 
plastic deformation of the constituent metal. Here, the 
force is distributed into two components: a bending 

15 component in cap member (306) especially in center 

sector (314) and a twisting or torsional component in 
torsion members (308) . 

Once the concept of distributing the folding or 
compressing stresses both into a bending component (as 

20 typified by angle ex in Figure 17) and to a twisting 
component (as typified by angle r in Figure 18) , and 
determining the overall size of a desired stent, 
determination of the optimum materials as well as the 
sizes of the various integral components making up the 

25 stent becomes somewhat straightforward. Specifically, 
the length, width, and thickness of torsion members 
(308), the dimensions of an end cap center sector (314), 
the thickness of the material, and the remainder may then 
be determined. Obviously critical to the invention is 

30 the selection of the length, width, and thickness of 
torsion members (308) and the dimensions of end cap 
center sector (314) so that the bending angle a and 
twisting angle t do not exceed the plastic deformation 
value of the selected stent material. 

35 

38 

SUBSTITUTE SHEET (RULE 26) 



The materials suitable for this variation of 
the stent are those discussed above. 

This stent structure may also be made by 
forming nitinol wire into the desired configuration, 
5 Various segments may be joined by welding. The desired 
structural pattern may be machined out of a flat sheet of 
nitinol. The sheet may then be rolled and the opposing 
edges welded to form a tube. The stent may be machined 
from nitinol tubing. 

10 Figure 19 shows a plan view of a variation of 

the inventive stent (316) in which wire forms the various 
sectors of the stent. Torsion members (318) and end caps 
(320) forming ring portion (322) is also shown. Wire 
used in these variations are typically of stronger 

15 alloys, e.g., nitinol and stronger spring stainless 

steels, and have diameters of about 0.002 inches to 0,005 
inches. For the larger stents, the appropriate diameter 
for the stent wire may be somewhat larger, e.g., 0.005 to 
0.020 inches. Adjacent ring portions (322) may be joined 

20 by tie members (324) . Tie members (324) may be welded to 
the end caps (320) by, e.g., welding. It should be 
apparent that any of the designs shown for cut sheet may, 
as an alternative, be constructed from wire instead. 

Figure 20 shows a plan view of a ring section 

25 (304) of one variation of the inventive stent produced 
from a sheet. In this instance the end caps (306) and 
torsion members (308) form a single ring section which 
may be rolled and welded into an isolated ring (326) such 
as shown in Figure 21. Because the material chosen for 

30 the stent shown in Figures 20 and 21 is a highly elastic 
material such as nitinol, the length (328) of the torsion 
section (308) need not be so long as the length (330) of 
the end caps (306) . Figure 22 shows a collection of 
individual rings (326) of the type shown in Figures 20 
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and 21 as they would be positioned in a stent-graft but 
prior to the time they are welded end-to~end. 

Figure 23 shows a variation of the stent having 
a ring section (332) similar in configuration to that 
5 shown in Figures 20, 21, and 22 but joined by tie members 
(334). Those tie members (334) extend from the inside of 
a torsion pair (338) to the outside of a torsion pair 
(340) in the adjacent ring section. The tie members 
(334) experience no twisting because of their placement 

10 in the middle of end cap (342) . The tie members may be 
offset on the end cap, if so desired, to allow the tie 
members to accept some of the twisting duty. 

Figure 24 shows a plan view of a variation of 
the inventive stent in which the number of torsion 

15 members (344) in a selected ring member (346) is 

significantly higher then the number of torsion members 
found in the variations discussed in relation to Figures 
20, 21, 22, and 23. This added number of torsion members 
may be due to a variety of reasons. For instance, the 

20 material of construction may have a significantly lower 
tolerance for twisting than the materials in those prior 
Figures. Adding more torsion bars lessens the load 
carried on each of the several bars. Alternatively, for 
the same material, the stent may need be folded to a 

25 smaller diameter for deployment than those earlier 
variations. 

Figure 25 shows a variation of the invention in 
which the end caps (346) are bound by a long torsion 
member (348) and two short torsion members (350) . This 
30 torsion set (352) is in turn separated from the adjacent 
torsion set (352) by a bridge member (354) which shores 
the bending load of the stent when the stent is rolled 
and the ends (356) joined by, e.g., welding. The torsion 
members (350) have a greater width than that of the long 
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torsion member (348) so to balance the load around the 
ring during deformation and thereby to prevent the bridge 
members from becoming askew and out of the ring plane. 

Although it has been made quite clear that the 
5 stents and stent -grafts of this invention do not 

longitudinally expand as they are deployed, we have found 
it desirable in some instances to overlap the rings --a 
single circumference would cross two or more rings to 
provide relief from kinking of the stent-graft. This is 

10 also particularly useful at the ends of the stent where 
additional strength is sometimes needed for securing the 
stent in place. Obviously to allow the rings to overlap 
without building thickness, the spacing and size of the 
end caps and torsion members must be tailored to 

15 intermesh without contact. 

Tubular Graft Component 

The tubular graft component or member of the 
stent -graft may be made up of any material which is 

20 suitable for use as a graft in the chosen body lumen. 
Many graft materials are known, particularly known are 
vascular graft materials. For instance, natural material 
may be introduced onto the inner surface of the stent and 
fastened into place. Synthetic polymers such as 

25 polyethylene, polypropylene, polyurethane , polyglycolic 
acid, polyesters, polyamides, their mixtures, blends, 
copolymers, mixtures, blends and copolymers are suitable; 
preferred of this class are polyesters such as 
polyethylene terephthalate including DACRON and MYLAR and 

30 polyaramids such as KEVLAR, polyf luorocarbons such as 
polytetraf luoroethylene with and without copolymerized 
hexaf luoropropylene (TEFLON or GORETEX) , and porous or 
nonporous polyurethanes • 
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Especially preferred in this invention are the 
expanded fluorocarbon polymers (especially PTFE) 
materials described in British. Pat. Nos . 1,355,373, 
1,506,432, or 1,506,432 or in U.S. Pat. Nos. 3,953,566, 
5 4,187,390, or 5,276,276, the entirety of which are 
incorporated by reference. 

Included in the class of preferred expanded 
f luoropolymers are polytetraf luoroethylene (PTFE) , 
f luorinated ethylene propylene (PEP) , copolymers of 

10 tetraf luoroethylene (TFE) and per fluoro (propyl vinyl 

ether) (PFA) , homopolymers of polychlorotrif luoroethylene 
(PCTFE) , and its copolymers with TFE, ethylene - 
chlorotrif luoroethylene (ECTFE) , copolymers of ethylene- 
tetraf luoroethylene (ETFE) , polyvinylidene fluoride 

15 (PVDF) , and polyvinyf luoride (PVP) • Especially 

preferred, because of its widespread use in vascular 
prostheses, is expanded PTFE. 

Highly preferred materials are certain 
collagen-based materials of COLLAGEN CORPORATION of Palo 

20 Alto, California. The graft may adhere to or partially 
encapsulate or be cast about the stent when appropriate 
materials such as castable polyurethane or collagen-based 
materials are employed • When the stent -graft is produced 
in such a way that the openings in the* stent contain 

25 graft material (as by casting) , then we refer to such a 
stent-graft as an "integral stent-graf t« . 

One very desirable variation of the invention 
involves the combination of a porous polymeric tubing 
member of one of the materials mentioned elsewhere 

30 herein, but most preferably of the expanded 

polyfluorocarbon polymers mentioned above, and a 
collagenous material imbedded into those pores. 
Specifically, the most preferred polymer is an e3q)anded 
PTFE having an internodal distance of between 45 and 120 
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microns, more preferably between 60 and 90 microns. The 
preferred collagen material is that described below • 
This combination allows the polymeric tubing to provide 
structural reinforcement both for the overall stent and 
5 for the embedded collagen. The collagenous material 

still provides the benefits of endothelization mentioned 
elsewhere. The thickness of the graft need not be 
greater than the thickness of the polymeric tubing by 
itself, although it may be* The combination of synthetic 
10 polymeric tubing and collagenous material provides 

enhanced adhesion between the collagenous material and 
the stent and resistance to radial dimension changes 
(e.g., ballooning) which may be a problem when collagen 
is used alone. 

^5 A highly preferred collagen-based material is 

described in U.S. Pat. No. 5,162,430, to Rhee et al, the 
entirety of which is incorporated by notice, or as 
described below. Collagen is easily formed into thin- 
walled tubes which are limp, compliant, flexible, 

20 uniform, and have smooth surfaces. The tubing walls may 
have a hydrated thickness of 0.001 to 0.020 inches (or to 
0.100 inches in some cases) for efficacy. Other 
thicknesses may be used if specific goals are to be 
achieved. In a stent -graft, the collagen tube acts as an 

25 intravascular blood conduit to line the interior surface 
of the blood vessel. It isolates the lined segment of 
the vessel from direct contact with blood flow, tacks any 
tears or dissections, helps reinforce the vessel wall to 
protect against or isolate aneurysms, and provides a 

30 smooth, relatively thin, conformal surface for the blood 
flow. Of most importance (at least from the perspective 
of the most preferred aspects of our invention) , specific 
collagenous materials, such as the collagen-hydrophilic 
polymer conjugate described in U.S. Pat. No. 5,162,430 

35 

43 

SUBSTITUTE SHEET (RULE 26) 



wo 95/26695 



and as described below, are very desirable as the ttibular 
component in this stent -graft in that they form non- 
thrombogenic surfaces which will support the growth of 
endothelium. 

5 The preferred collagen composition used in this 

invention is a pharmaceutically acceptable non- 
immunogenic composition formed by covalently binding 
atelopeptide collagen to pharmaceutically pure, 
synthetic, hydrophilic polymers via specific types of 

10 chemical bonds to provide collagen/polymer conjugates. 

Any type of collagen may be used including extracted and 
purified collagen including atelopeptide collagen which 
can be type I, type II or type III collagen. The 
collagen may be extracted from various sources such as 

15 bovine hide and human placenta and may be fibrillar or 

non--f ibrillar . The synthetic hydrophilic polymer may be 
polyethylene glycol and derivatives thereof having a 
weight average molecular weight over a range of from 
about 100 to about 20,000. The compositions may 

20 incorporate other components such as biologically active 
materials. The collagen-polymer conjugates generally 
contain large amounts of water when formed. The extruded 
materials may be dehydrated, resulting in a reasonably 
flexible material which can be readily stored. 

25 The term "collagen" as used herein refers to 

all forms of collagen, including those which have been 
extracted, processed or otherwise modified. Preferred 
collagens are non- immunogenic and, if extracted from 
animals, are treated to remove the immunogenic 

30 telopeptide regions ("atelopeptide collagen")/ are 

solub>le, and may be in the fibrillar or non~ fibrillar 
form. Type I collagen is best suited to most 
applications involving bone or cartilage repair. 
However, other forms of collagen are also useful in the 
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practice of the invention, and are not excluded from 
consideration here. Collagen crosslinked using heat, 
radiation, or chemical agents such as glutaraldehyde may 
be conjugated with polymers as described herein to form 
5 particularly rigid compositions. Collagen crosslinked 

using glutaraldehyde or other (nonpolymer) linking agents 
is referred to herein as "GAX", while collagen cross- 
linked using heat and/or radiation is termed "HRX," 
Collagen used in connection with the preferred 

10 embodiments of the invention is in a pharmaceutically 
pure form such that it can be incorporated into a body, 
human or otherwise, for the intended purpose. 

The term "synthetic hydrophilic polymer" as 
used herein refers to a synthetic polymer having an aver- 

15 age molecular weight and composition which renders the 
polymer essentially water-soluble. Preferred polymers 
are highly pure or are purified to a highly pure state 
such that the polymer is, or is treated to become, 
pharmaceutically pure. Most hydrophilic polymers can be 

20 rendered water-soluble by incorporating a sufficient 

number of oxygen (or, less frequently, nitrogen) atoms 
available for forming hydrogen bonds in aqueous 
solutions. Preferred polymers are hydrophilic but not 
soluble. Preferred hydrophilic polymers used herein 

25 include polyethylene glycol, polyoxyethylene, poly- 
methyl ene glycol, polytrimethylene glycols, polyvinyl- 
pyrrolidones, and derivatives thereof. The polymers can 
be linear or multiply branched and will not be 
substantially crosslinked. Other suitable polymers 

30 include polyoxyethylene-polyoxypropylene block polymers 
and copolymers. Polyoxyethylene-polyoxypropylene block 
polymers having an ethylene diamine nucleus (and thus 
having four ends) are also available and may be used in 
the practice of the invention. Naturally occurring 
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and/or biologically active polymers such as proteins, 
starch, cellulose, heparin, and the like are not 
generally desirable in this definition although they may 
be used. All suitable polymers will be non- toxic, non- 
5 inflammatory and non-- immunogenic when used to form the 
desired composition, and will preferably be essentially 
non-degradable in vivo over a period of at least several 
months. The hydrophilic polymer may increase the hydro- 
philicity of the collagen, but does not render it water- 

10 soluble. Presently preferred hydrophilic polymers are 
mono-, di~, and multi-functional polyethylene glycols 
(PEG) . Monofunctional PEG has only one reactive hydroxy 
group, while difunctional PEG has reactive groups at each 
end. Monofunctional PEG preferably has a weight average 

15 molecular weight between about 100 and about 15,000, more 
preferably between about 200 and about 8,000, and most 
preferably about 4,000. Difunctional PEG preferably has 
a molecular weight of about 400 to about 40,000, more 
preferably about 3,000 to about 10,000. Multi-fxmctional 

20 PEG preferably has a molecular weight between about 3,000 
and 100,000. 

PEG can be rendered monofunctional by forming 
an alkylene ether at one end. The alkylene ether may be 
any suitable alkoxy radical having 1-6 carbon atoms, for 

25 example, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, 

hexyloxy, and the like. Methoxy is presently preferred. 
Difunctional PEG is provided by allowing a reactive 
hydroxy group at each end of the linear molecule. The 
reactive groups are preferably at the ends of the poly- 

30 mer, but may be provided along the length thereof. 

The term "chemically conjugated" as used herein 
means attached through a covalent chemical bond. In the 
practice of the invention, a synthetic hydrophilic 
polymer and collagen may be chemically conjugated by 
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using a linking radical, so that the polymer and collagen 
are each bound to the radical, but not directly to each 
other. The term "collagen-polymer" refers to collagen 
chemically conjugated to a synthetic hydrophilic polymer, 
within the meaning of this invention. Thus, "collagen- 
PEG" (or "PEG-collagen) denotes a composition within the 
most preferred aspect of the invention wherein collagen 
is chemically conjugated to PEG. "Collagen-dPEG" refers 
to collagen chemically conjugated to difunctional PEG, 
wherein the collagen molecules are typically crosslinked. 
"Crosslinked collagen" refers to collagen in which 
collagen molecules are linked by covalent bonds with 
polyfunctional {including difunctional) polymers. Terms 
such as "GAX-dPEG" and "HRX-dPEG" indicate collagen 
crosslinked by both a difunctional hydrophilic polymer 
and a crosslinking agent such as glutaraldehyde or heat. 
The polymer may be "chemically conjugated" to the 
collagen by means of a number of different types of 
chemical linkages. For example, the conjugation can be 
via an ester or urethane linkage, but is more preferably 
by means of an ether linkage. An ether linkage is 
preferred in that it can be fonned without the use of 
toxic chemicals and is not readily susceptible to 
hydrolysis la vivo . 

Those of ordinary skill in the art will 
appreciate that synthetic polymers such as polyethylene 
glycol cannot be prepared practically to have exact 
molecular weights, and that the term "molecular weight" 
as used herein refers to the weight average molecular 
weight of a number of molecules in any given sample, as 
commonly used in the art. Thus, a sample of PEG 2,000 
might contain a statistical mixture of polymer molecules 
ranging in weight from, for example, 1,500 to 2,500 
daltons with one molecule differing slightly from the 
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next over a range. Specification of a range of molecular 
weight indicates that the average molecular weight may be 
any value between the limits specified, and may include 
molecules outside those limits. Thus, a molecular weight 
5 range of about 800 to about 2 0,000 indicates an average 
molecular weight of at least about 800, ranging up to 
about 20 kDa, 

The term "available lysine residue" as used 
herein refers to lysine side chains exposed on the outer 

10 surface of collagen molecules, which are positioned in a 
manner to allow reaction with activated PEG. The number 
of available lysine residues may be determined by reac- 
tion with sodium 2,4,6-trinitroben2enesulfonate (TNBS) . 

The term "growth factor" is used to describe 

15 biologically active molecules and active peptides (which 
may be naturally occurring or synthetic) which aid in 
healing or regrowth of normal tissue. The function of 
growth factors is two-fold: 1) they can incite local 
cells to produce new collagen or tissue, or 2) they can 

20 attract cells to the site in need of correction. As 

such, growth factors may serve to encourage "biological 
anchoring" of the collagen graft implant within the host 
tissue. As previously described, the growth factors may 
either be admixed with the collagen-polymer conjugate or 

25 chemically coupled to the conjugate. For example, one 
may incorporate growth factors such as epidermal growth 
factor (EGF) , transforming growth factor (TGF) alpha, 
TGF^ (including any combination of TGF^s) , TGF^i, TGF^2/ 
platelet derived growth factor (PDGF-AA, PDGF-AB, PDGF- 

30 BB) , acidic fibroblast growth factor (FGF) , basic FGF, 

connective tissue activating peptides (CTAP) , iS-thrombo- 
globulin, insulin- like growth factors, erythropoietin 
(EPO) , nerve growth factor (NGP) , bone morphogenic 
protein (BMP), osteogenic factors, and the like. Incor- 
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poration of growth factors can facilitate regrowth when 
the tubes are used in the treatment of defective or 
damaged channels. Furthermore, one may chemically link 
the growth factors to the collagen-polymer composition by 
5 employing a suitable amount of multi-functional polymer 
molecules during synthesis. The growth factors may then 
be attached to the free polymer ends by the same method 
used to attach PEG to collagen, or by any other suitable 
method. By tethering growth factors to the outer and/or 

10 inner surface of the graft material, the amount of grafts 
needed to carry out effective treatment is substantially 
reduced- Tubes which incorporate growth factors may 
provide effective controlled-release drug delivery. By 
varying the chemical linkage between the collagen and the 

15 synthetic polymer, it is possible to vary the effect with 
respect to the release of the biologic. For example, 
when an "ester" linkage is used, the linkage is more 
easily broken under physiological conditions, allowing 
for sustained release of the growth factor from the 

20 matrix* However, when an "ether" linkage is used, the 
bonds are not easily broken and the growth factor will 
remain in place for longer periods of time with its 
active sites exposed providing a biological effect on the 
natural substrate for the active site of the protein. It 

25 is possible to include a mixture of conjugates with 
different linkages so as to obtain variations in the 
effect with respect to the release of the biologic, e.g., 
the sustained release effect can be modified to obtain 
the desired rate of release. 

30 The terms "effective amount" or "amount 

effective to treat" refer to the amount of composition 
required in order to obtain the effect desired. Thus, a 
"tissue growth-promoting amount" of a composition con- 
taining a growth factor refers to the amount of growth 
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factor needed in order to stimulate tissue growth to a 
detectable degree. Tissue, in this context, includes 
connective tissue, bone, cartilage, epidermis and dermis, 
blood, and other tissues with particular emphasis on 
5 tissues which form channels such as veins, arteries, 
intestines and the like. The actual amount which is 
determined to be an effective amount will vary depending 
on factors such as the size, condition, sex, and age of 
the patient, the type of tissue or channel, the effect 

10 desired and type of growth factor, and can be more 
readily determined by the caregiver. 

The term "sufficient amount" as used herein is 
applied to the amount of carrier used in combination with 
the collagen-polymer conjugates used in forming the tubes 

15 of the invention, A sufficient amount is that amount 

which, when mixed with the conjugate, renders it in the 
physical form desired, for example, extrudable txabes, 
extrudable cylinders having any desired cross -section, 
and so forth. Extrudable formulations may include an 

20 amount of a carrier sufficient to render the composition 
smoothly extrudable without significant need to interrupt 
the extrusion process. The amount of the carrier can be 
varied and adjusted depending on the size and shape and 
thickness of the wall of the tube being extruded. Such 

25 adjustments will be apparent to those skilled in the art 
upon reading this disclosure. 

Conjugates 

To form the most desired collagen-conjugates 
30 used in the inventive stent-graf ts, collagen must be 
chemically bound to a synthetic hydrophilic polymer. 
This can be carried out in a variety of ways. In 
accordance with the preferred method, the synthetic 
hydrophilic polymer is activated and then reacted with 
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the collagen. Alternatively, the hydroxyl or amino 
groups present on the collagen can be activated and the 
activated groups will react with the polymer to form the 
conjugate. In accordance with a less preferred method, a 
5 linking group with activated hydroxyl or amino groups 

thereon can be combined with the polymer and collagen in 
a manner so as to concurrently react with both the 
polymer and collagen forming the conjugate. Other 
methods of forming the conjugates will become apparent to 

10 those skilled in the art upon reading this disclosure. 
Since the conjugates of the invention are to be used in 
the human body it is important that all of the 
components, including the polymer, collagen, and linking 
group, if used form a conjugate that is unlikely to be 

15 rejected by the body. Accordingly, toxic and/or 

immunoreactive components are not preferred as starting 
materials. Some preferred starting materials and methods 
of forming conjugates are described further below. 

Although different hydrophilic synthetic 

20 polymers can be used in connection with forming the 
conjugate, such polymers must be biocompatible, 
relatively insoluble, but hydrophilic and is preferably 
one or more forms of polyethylene glycol (PEG) , due to 
its known biocompatibility. Various forms of PEG are 

25 extensively used in the modification of biologically 

active molecules because PEG can be formulated to have a 
wide range of soltabilities and because it lacks toxicity, 
antigenicity, immunogenic ity, and does not typically 
interfere with the enzymatic activities and/or 

30 conformations of peptides. Further, PEG is generally 

non-biodegradable and is easily excreted from most living 
organisms including humans. 

The first step in forming the collagen-polymer 
conjugates generally involves the functionalization of 
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the PEG molecule. Various functionalized polyethylene 
glycols have been used effectively in fields such as 
protein modification (see Abuchowski et al., Enzymes as 
Drugs , John Wiley & Sons: New York, NY (1981) pp. 367- 
5 383; and Dreborg et al., Crit . Rev. Therap. Drug Carrier 
Svst . (1990) £:315, both of which are incorporated herein 
by reference), peptide chemistry (see Mutter et al., The 
Peptides, Academic: New York, NY 2:285-332; and Zalipsky 
al., Int. J. Peptide Protein Res. (1987) 20:740, both 

10 of which are incorporated herein by reference) , and the 
synthesis of polymeric drugs (see Zalipsky et al., Eur. 
Polym. J. (1983) 19:1177; and Ouchi et al., J. Macromol . 
Sci. -Chem. (1987) A24:1011, both of which are 
incorporated herein by reference) . Various types of 

15 conjugates formed by the binding of polyethylene glycol 
with specific pharmaceutical ly active proteins have been 
disclosed and found to have useful medical applications 
in part due to the stability of such conjugates with 
respect to proteolytic digestion, reduced immunogenicity 

20 and longer half -lives within living organisms. 

One form of polyethylene glycol which has been 
found to be particularly useful is monomethoxy- 
polyethylene glycol (mPEG) , which can be activated by the 
addition of a compound such as cyanuric chloride, then 

25 coupled to a protein (see Abuchowski et al., J. Biol. 

Chem. (1977) 252:3578, which is incorporated herein by 
reference) . Although such methods of activating 
polyethylene glycol can be used in connection with the 
present invention, they are not particularly desirable in 

30 that the cyanuric chloride is relatively toxic and must 

be completely removed from any resulting product in order 
to provide a pharmaceutical ly acceptable composition. 

Activated fortns of PEG can be made from 
reactants which can be purchased commercially. One form 
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of activated PEG which has been found to be particularly 
useful in connection with the present invention is mPEG- 
succinate~N-hydroxysuccinimide ester iSS-'PEG) (see 
Abuchowski et al . , Cancer Biochem> Biphys. (1984) 7:175, 
5 which is incorporated herein by reference) . Activated 

forms of PEG such as SS~PEG react with the proteins under 
relatively mild conditions and produce conjugates without 
destroying the specific biological activity and 
specificity of the protein attached to the PEG. However, 

10 when such activated PEGs are reacted with proteins, they 
react and form linkages by means of ester bonds. 
Although ester linkages can be used in connection with 
the present invention, they are not particularly 
preferred in that they undergo hydrolysis when subjected 

15 to physiological conditions over extended periods of time 
(see Dreborg et al., Grit. Rev> Therap, Drug Carrier 
Syst . (1990) 6:315; and Ulbrich et al., J. Makromol, 
Chetju (1986) 187:1131, both of which are incorporated 
herein by reference) , 

20 It is possible to link PEG to proteins via 

urethane linkages, thereby providing a more stable 
attachment which is more resistant to hydrolytic 
digestion than the ester linkages (see Zalipsky et al., 
Polymeric Drug and Drug Delivery Systems, Chapter 10, 

25 "Succinimidyl Carbonates of Polyethylene Glycol" (1991) 
incorporated herein by reference to disclose the 
chemistry involved in linking various forms of PEG to 
specific biologically active proteins) . The stability of 
urethane linkages has been demonstrated under 

30 physiological conditions (see Veronese et al,, Appl . 

Biochem . Biotechnol . (1985) 11:141; and Lairwood et al., 
J. Labelled Compounds Radiopharm. (1984) 21,:603, both of 
which are incorporated herein by reference) . Another 
means of attaching the PEG to a protein can be by means 
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of a carbamate linkage (see Beauchamp et al.. Anal, 
Biochem. (1983) 131:25; and Berger et al.. Blood (1988) 
21:1641, both of which are incorporated herein by 
reference) . The carbamate linkage is created by the use 
5 of carbonyldiimidazole-activated PEG. Although such 
linkages have advantages, the reactions are relatively 
slow and may take 2 to 3 days to complete. 

The various means of activating PEG described 
above and publications (all of which are incorporated 

10 herein by reference) cited in connection with the 

activation means are described in connection with linking 
the PEG to specific biologically active proteins and not 
collagen. However, the present invention now discloses 
that such activated PEG compounds can be used in 

15 connection with the formation of collagen-PEG conjugates. 
Such conjugates provide a range of improved 
characteristics and as such can be used to form the 
various compositions used in forming the tubes of the 
present invention. [ Polymeric Drug and Drug Delivery 

20 Systems . Chapter 10, "Succinimidyl Carbonates of 

Polyethylene Glycol" (1991) , incorporated herein by 
reference to disclose the chemistry involved in linking 
various forms of PEG to specific biologically active 
proteins . ] 

25 As indicated above, the conjugates used in 

forming the grafts may be prepared by covalently binding 
a variety of different types of synthetic hydrophilic 
polymers to collagen. However, because the final product 
or conjugate obtained must have a number of required 

30 characteristics such as being extrudable from a nozzle, 
biocompatible and non- immunogenic, it has been found 
useful to use polyethylene glycol as the synthetic 
hydrophilic polymer. The polyethylene glycol must be 
modified in order to provide activated groups on one or 
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preferably both ends of the molecule so that covalent 
binding can occur between the PEG and the collagen. Some 
specific functionalized forms of PEG are shovm 
structurally below, as are the products obtained by 
reacting these functionalized forms of PEG with collagen. 

The first functionalized PEG is 
difunctionalized PEG succinimidyl glutarate, referred to 
herein as (SG- PEG) . The structural formula of this 
molecule and the reaction product obtained by reacting it 
with collagen is shown in Formula 1. 



S-PEG: Difunctional PEG Succinimidyl ^lutarate 

N-0-0C-{CH2)3-0C-0-PEG-O-CO-(CH2)3-CO-O-N (~ 

V 



20 



collagen-NH2 



collagen-NH2 



25 



collagen-HN-OC-(CH2}3-OC-0-PEG-0-CO-{CH2)3-CO-NH-collager. 



FORMULA 1 



30 



Another difunctional ly activated form "of PEG is 
referred to as PEG succinimidyl (S-PEG) . The structural 
formula for this compound and the reaction product 
obtained by reacting it with collagen is shovm in 
Formula 2. In a general structural formula for the 
compound of Formula 2, the subscript 3 is replaced with 
an "n." In the embodiment shown in Formula 1, n=3, in 
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that there are three repeating CH2 groups on each side of 
the PEG. The structure in Formula 2 results in a 
conjugate which includes an "ether" linkage which is not 
subject to hydrolysis. This is distinct from the first 
conjugate shown in Formula 1, wherein an ester linkage is 
provided. The ester linkage is subject to hydrolysis 
under physiological conditions. 



10 S-PEG, n:=3: Difunctional PEG ^uccinimidyl 



r< 



15 



N-0-OC-(CH2)3-0-PEG-0-(CH2)3-CO-0-N 



coHagen-NH2 



V 



col!agen-NH2 



20 



collage.n-HN-OC-{CH2)3-0-PEG-0-{CH2)3-CO-NH-conagen 



FORMULA 2 

25 

Yet another derivatized form of polyethylene 
glycol, wherein n=2 is shown in Formula 3, as is the 
conjugate formed by reacting the derivatized PEG with 
collagen. 



35 



56 

SUBSTITUTE SHEET (RULE 26) 



S-PEG. n-2: Oifunctional PEG Succinimidyl 



P Q 
' ^N-0-OC-(CH2)2-0-PEG-0-{CH2)2-CO-O.N 



o 



10 



collagen-NH2 



conagen-NH2 



co{lagen-HN-OC-{CH2)2-0-PEG-0-{CH2)2-CO-NH-colIagen 



FORMULA 3 

Another preferred embodiment of the invention similar to 
the compounds of Formula 2 and Formula 3, is provided 
when n=l. The structural formula and resulting conjugate 
are shown in Formula 4. It is noted that the conjugate 
includes both an ether and a peptide linkage. These 
linkages are stable imder physiological conditions. 
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S-PEG. n-1: Difunctional PEG ^uccinimidyl 



10 



15 



Q 



N-O-OC-CH2-O-PEG-O-CH2-CO-O-N 



collagen-NH2 




collagen-NH2 



coiIagen-HN-OC-CH2-0-PEG-0-CH2-CO-NH-colIagen 



FORMULA 4 



20 



25 



Yet another derivatized form of PEG is provided when n=0 . 
The difxinctionalized form is referred to as PEG 
succinimidyl carbonate (SC-PEG) . The structural foiroula 
of this compound and the conjugate formed by reacting 
SC-PEG with collagen is shown in Formula 5, Although 
this conjugate includes a urethane linkage, the conjugate 
has been found not to have a high degree of stability 
under physiological conditions. The instability can be a 
desirable characteristic when the tubes are used in a 
situation where it is desirable that they dissolve over 
time. 
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SC-PEG, n=0: Difunctional PEG ^uccinimidyl Carbonate 



10 



15 



O 



N-O-OC-O-PEG-O-CO-O-N ^ 



collagen-NH2 



collagen-NH2 



colIagen-HN-OC-O-PEG-O-CO-NH-collagen 



20 



25 



FORMULA 5 

All of the derivatives depicted in Formulas 1-5 
involve the inclusion of the succinimidyl group. 
However, different activating groups can be attached to 
one or both ends of the PEG. For example, the PEG can be 
derivatized to form difunctional PEG propionaldehyde (A- 
PEG) , which is shown in Formula 6, as is the conjugate 
formed by the reaction of A- PEG with collagen. 
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A-PEG: Difunctiona! PEG Propion Aldehyde 



10 



OHC-(CH2)2-0-PEG-0-(CH2)2-CHO 



collagen-NH2 
Reduction 



coliagenrNH2 
collagen-HN-{CH2)3-0-PEG-0-{CH2)3-NH-colIagen 



15 



FORMULA 6 



20 



Yet another functionalized form of polyethylene 
glycol is difunctional PEG glycidyl ether (E-PEG) , which 
is shown in Formula 7, as 



E-PEG; Difunctional PEG Glycidyl tther 



25 



30 



35 



o 



O 



CH2-CH-CH2-O-PEG-O-CH2-CH-CH2 



collagen-NH2 



coilagen-NH2 



collagen-HN-CH,-CH-CH,.0-PEG-0-CH,-CH-CH,-NH-collagen 



I 

OH FORMULA 7 



OH 
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The conjugates formed using the functionalized 
forms of PEG .vary depending on the functionalized form of 
PEG which is used in the reaction. Furthermore, the 
final product can be varied with respect to its 
characteristics by changing the molecular weight of the 
PEG. In general, the stability of the conjugate is 
improved by eliminating any ester linkages between the 
PEG and the collagen and including ether and/or urethane 
linkages- These stable linkages are generally used to 
form tubes to replace or augment a channel as may be done 
with a stent-graft. When the grafts are used as a 
temporary repair unit for a damaged channel, it may be 
desirable to include the weaker ester linkages so that 
the linkages are gradually broken by hydrolysis under 
physiological conditions, breaking apart the tube as it 
may be replaced by host tissue, or as it degrades, and 
releasing a component held therein, such as a growth 
factor. By varying the chemical structure of the 
linkage, the rate of sustained release can be varied. 

Suitable collagens include all types of 
pharmaceutically useful collagen, preferably types I, II 
and III, Collagens may be soluble (for example, 
commercially available Vitrogen® 100 collagen-in- 
solution) , and may or may not have the telopeptide 
regions. Preferably, the collagen will be reconstituted 
fibrillar atelopeptide collagen, for example Zyderm® 
collagen implant (ZCI) or atelopeptide collagen in solu- 
tion (CIS) . Various foarms of collagen are available com- 
mercially, or may be prepared by the processes described 
in, for example, U.S. Pat. Nos . 3,949,073; 4,488,911; 
4,424,208; 4,582,640; 4,642,117; 4, 557., 764; and 
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4,689,3 99, all incorporated herein by reference. 
Fibrillar, atelopeptide, reconstituted collagen is 
preferred in order to form tubes used for the repair or 
augmentation of channels. 
5 Compositions used in forming the invention 

comprise collagen chemically conjugated to a selected 
synthetic hydrophilic polymer or polymers. Collagen 
contains a number of available amino and hydroxy groups 
which may be used to bind the synthetic hydrophilic 

10 polymer. The polymer may be bound using a "linking 

group", as the native hydroxy or amino groups in collagen 
and in the polymer frequently require activation before 
they can be linked. For example, one may employ com- 
pounds such as dicarboxylic anhydrides (e.g., glutaric or 

15 succinic anhydride) to form a polymer derivative (e.g., 

succinate) , which may then be activated by esterif ication 
with a convenient leaving group, for example, N-hydroxy- 
succinimide, N,N' -disuccinimidyl oxalate, N,N' -disuccin- 
imidyl carbonate, and the like. See also Davis, U.S. 

20 Pat. No. 4,179,337 for additional linking groups. Pres- 
ently preferred dicarboxylic anhydrides that are used to 
form polymer-glutarate compositions include glutaric 
anhydride, adipic anhydride, 1 , 8 -naphthalene dicarboxylic 
anhydride , and 1,4,5,8 -naphthalenetetracarboxylic 

25 dianhydride. The polymer thus activated is then allowed 
to react with the collagen, forming a collagen-polymer 
composition used to make the grafts. 

In one highly desirable embodiment having ester 
linkages, a pharmaceutically pure form of monomethylpoly- 

30 ethylene glycol (mPEG) (mw 5,000} is reacted with 

glutaric anhydride (pure form) to create. mPEG glutarate. 
The glutarate derivative is then reacted with N-hydroxy- 
succinimide to form a succinimidyl monomethylpolyethylene 
glycol glutarate. The succinimidyl ester (mPEG*, 
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denoting the activated PEG intermediate) is then capable 
of reacting with free amino groups present on collagen 
(lysine residues) to form a collagen-PEG conjugate 
wherein one end of the PEG molecule is free or nonbound. 
Other polymers may be substituted for the monomethyl PEG, 
as described above. Similarly, the coupling reaction may 
be carried out using any known method for derivatizing 
proteins and synthetic polymers. The number of available 
lysines conjugated may vary from a single residue to 100% 
of the lysines, preferably 10-50%, and more preferably 
20-30%. The number of reactive lysine residues may be 
determined by standard methods, for example by reaction 
with TNBS. 

The resulting product is a smooth, pliable, 
15 rubbery mass having a shiny appearance. It may be wet- 
ted, but is not water-soluble. It may be formulated as a 
suspension at any convenient concentration, preferably 
about 30-65 mg/mL, and may be extruded through a nozzle 
to form a tube. The consistency of the formulation may 
be adjusted by varying the amount of liquid used. 



20 



Production of a Stent -Graft comprising collagen 
One method of constructing a collagen- 
containing stent -graft is to first construct the stent 

25 and then to mold or cast the collagen tubular component 
about the stent. 

The stent structure and any fiber reinforcement 
may be molded into the wall of the collagen tube. A mold 
for such a structure desirably is a simple annular space 

30 between two cylinders having room in the annular space 

for placement of the stent and would have a longitudinal 
axis slightly longer than the length of the stent -graft 
to be produced. The stent and fiber tubing is centered 

35 annular space and then the remaining space filled 
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with collagen. If sPEG cross-linked collagen is used as 
the matrix material, the sPEG and collagen are mixed and 
introduced into the mold and allowed to cure. After 
curing, the mold is separated and the inventive fiber 
5 reinforced collagen tube with a stent structure produced. 
Another method of producing a composite stent- 
graft is to attach a porous polymeric tubing to the stent 
in the manner mentioned elsewhere herein, e.g., by loop 
or -attachment to the flexible linkage, and then to add 
10 the collagenous material to the pores in the tubing in 
the manner mentioned above. 

Stent -Graf t 

The tubular component, whether collagen-based 

15 or not, may also be reinforced using a network of small 
diameter fibers. The fibers may be random, braided, 
knitted, or woven. The fibers may be imbedded in the 
tubular component, may be placed in a separate layer 
coaxial with the tubular component, or may be used in a 

20 combination of the two. 

Figure 26 shows an end view, cross -section of 
the configuration in which the stent (360) forms the 
outermost layer, a fibrous layer (362) coaxial to and 
inside the stent (360), and the tubular component (364) 

25 of, e.g., collagen as the innermost layer. 

Particularly desirable is the variation shown 
in Figure 27 in which the fibrous material is mixed with 
or imbedded into the tubular layer (366) and cast; or 
injected around the stent (360) . This fibrous material 

30 may extend for the length of the device or may be 
shorter. The fibers may be wound or placed in any 
reasonable orientation within the device. 

Alternatively, randomly oriented short segments of fibers 
may also be imbedded in the wall of the tubing. The 
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fiber may be any suitable fibrous blood- compatible 
material including polyesters such as DACRON, polyamides 
such as NYLON, KEVLAR, polyglycolic acids, polylactic 
acids, polyethylene, polypropylene, silk or other strong 
5 flexible fiber which are not detrimentally affected in 
the medical service in which this device is placed. 
Specifically, polypropylene and the like will not be 
dissolved in blood but polyglycolic acid will dissolve. 
Each are suitable but work in different ways. 

. addition, one or more radio-opaque metallic 

fibers, such as gold, platinum, platinum- tungsten, 
palladium, platinum- iridium, rhodium, tantalum, or alloys 
or composites of these metals like may be incorporated 
into the multi-strand reinforcement network to allow 
15 fluoroscopic visualization of the device. 

In the collagen- fiber composite tube, the 
fibers carry much of the hoop stress and other loadings 
imposed by the vessel. This relieves the loading on the 
collagen and significantly increases the burst strength 
and fatigue properties of the tube. In addition, this 
makes the tube more effective in hydraulically isolating 
the vessel and as a result prevents the formation or 
worsening of aneurysms. This would be particularly 
beneficial in thinned weakened vessel walls resulting 
25 from de-bulking interventions or from medial thinning 

that has been seen to accompany stent placement. Another 
benefit of the fiber reinforcement is the increase in 
resistance to radially inward loading, especially if the 
loading is very focussed. Finally, fiber reinforcement 
may also impart some longitudinal stiffness to the stent - 
graft. This allows the stent-graft to maintain its 
strength and prevent it from kinking or sagging into the 
lumen . 

35 



20 



30 



65 

SUBSTITUTE SHEET (RULE 26) 



In some instances it is desirable to produce a 
stent -graft having a non- continuous graft member. For 
instance, Figure 28 shows a situation in which a stent - 
graft (370) having a continuous graft layer has been 
deployed in an artery over a side branch (372) thereby 
blocking perfusion to that branch (372) . In some cases, 
a significant amount of tissue may be compromised as a 
result. Bare stents of the same configuration as the 
stent in stent-graft (370) would be adequate to allow 
flow of blood into that side branch (372) • Figures 29, 
30, and 31 depict combination stent-grafts which have 
non- continuous graft members. In Figure 29 is found a 
stent-graft (374) having two separate graft sections 
(376) with a bare stent section (378) in the center. The 
bare stent section (378) allows blood flow through the 
stent mesh for side branches as seen in Figure 28. A 
further variation is seen in Figure 30. The combination 
stent-graft (380) with a bare stent end (382) and a 
single end graft (.384) . Figure 31 shows still another 
variation of the combination stent-graft (386) in which 
two short stent sections (388) associated with a graft 
material are separated by a series of links (390) . The 
central link section is sufficient to allow flow of blood 
(or other fluids) through that area. 

Another variation in which the graft layer 
(392) is discontinuous over the stent (394) is shown in 
Figure 32. In this instance the discontinuity is formed 
through the presence of discrete holes (396) through the 
graft layer. When used in a blood vessel, the stent- 
graft with holes will allow endothelial cells on the 
outside of the vessel to grow onto the inside of the 
stent-graft. Conventional vascular grafts only allow 
endothelial cells in the vessel to grow on the inner or 
flowing surface to grow from the ends of the graft. 
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Deployme nt of the Invention 

When a stent -graft having torsion members is 
folded, crushed, or otherwise collapsed, mechanical 
energy is stored as a twist in those torsion members. In 
this loaded state, the torsion members have a torque 
exerted about them and consequently have a tendency to 
untwist. Collectively, the torque exerted by the torsion 
members as folded down to a reduced diameter must be 
restrained from springing open. The stent typically has 
at. least one torsion member per fold to take advantage of 
the invention. The stent -graft is folded along its 
longitudinal axis and restrained from springing open. 
The stent -graft is then deployed by removing the 
restraining mechanism, thus allowing the torsion members 
15 to spring open against the vessel wall . 

The attending surgeon will choose a stent or 
stent -graft having an appropriate diameter. However, 
inventive devices of this type are typically selected 
having an expanded diameter of up to about 10% greater 
than the diameter of the lumen to be the site of the 
stent deployment. 

Figure 33A shows a sequence of folding the 
tubular device (400) of this invention about a guidewire 
(402) into a loose C-shaped configuration. Figure 33B 
25 shows a front quarter view of the resulting folded stent 
or stent -graft. 

Figure 33C shows a sequence of folding the 
device (400) of this invention about a guidewire (402) 
into a rolled configuration. Figure 3 3D shows a front 
quarter view of the resulting folded stent or stent- 
graft . 

Figure 33E shows a sequence of folding the 
device (400) of this invention about a guidewire (402) 
into a triple lobed configuration. Figure 33F shows a 
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front quarter view of the resulting folded stent or 
stent -graft . 

The stent -graft may be tracked through the 
vasculature (or other bodily lumen) to the intended 
5 deployment site and then unfolded against the vessel 
lumen. The graft tube component of the stent -graft is 
limp, flexible, and thus easy to fold. Folding of the 
stent structure in the manner discussed above allows it 
to return to a circular, open configuration. 

^0 Figures 34A-34C show one desired way to place 

the devices of the present invention and allow them to 
self -expand. Figure 34A shows a target site (40S) 
having, e.g., a narrowed vessel lumen. A guidewire (408) 
having a guide tip (409) has been directed to the site 

15 using known techniques. The stent -graft (410) is mounted 
on tubing (412) inside outer sliding sheath (416) after 
having folded in the manner discussed above. The outer 
sliding sheath (416) binds the compressed stent -graft 
(410) in place until released. 

20 Figure 34B shows placement of the stent -graft 

(410) at the selected site (406) by sliding the stent- 
graft (410) over the guidewire (408) all together with 
the guidewire tubing (412) and the outer sliding sheath 
(414). The stent-graft (410) is deployed by holding the 

25 guidewire tubing (412) in a stationary position while 

withdrawing the outer sliding sheath (414) , The stent- 
graft (410) can be seen in Figure 34B as partially 
deployed. 

Figure 34C shows the stent-graft (410) fully 
30 deployed after the guidewire tubing (412) and the outer 
sliding sheath (414) have been fully retracted. 

Figures 35A-C, 36A~C, and 3 7A-C show an 
inventive variation of deploying a stent or stent-graft 
made according to this invention. These methods involve 
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the use of a control line or tether line (420) which 
maintains the stent or stent-graf t in a folded 
configuration until release. 

Figure 35A is a front-quarter view of the stent 
5 (422) or stent-graf t which has been folded as shown in 
the Figures discussed above. The stent (422) is folded 
about guidewire (424) so that, when deployed, the 
guidewire (424) is within the stent (422) . Central to 
the variation shown here is the tether wire (420) which 

10 is passed through loops (426) associated with the various 
helices as they wind about the stent (422) . The loops 
(426) may be formed from the flexible link (124 in 
Figures 2 or 3) or may be simply an alternating weave 
through appropriate apexes of the undulating helix, e.g., 

15 (104 in Figure 3) or may be loops specifically installed 
for the purpose shown here. It should be clear that the 
tether wire (426) is so placed that when it is removed by 
sliding it axially along the stent (422) and out of the 
loops (426), that the stent (422) unfolds into a 

20 generally cylindrical shape within the body lumen. 

Figure 35B shows an end-view of a folded stent 
(422) or stent-graf t having a guidewire (424) within the 
inner surface of the stent (422) and with the tether wire 
(420) within the loops (426) . The end view of the folded 

25 stent (422) shows it to be folded into a form which is 
generally C- shaped. When expanded by removal of the 
tether wire (420), the stent (422) in Figure 35B assumes 
the form shown in end view in Figure 35C. There may be 
seen the guidewire (424) within the lumen of the stent 

30 (422) and the loops (426) which were formerly in a 
generally linear relationship having a tether wire 
passing through them. 

Figure 36A shows a folded stent (428) (or 
stent-graft) in front quarter view which is similar in 
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configuration to the stent (422) shown in Figure 35A 
except that the stent (428) is rolled somewhat tighter 
than the previously discussed stent. The guidewire (424) 
is also inside the stent (428) rather than outside of it. 
Loops (426) from generally opposing sides of the stent 
(428) are folded into an approximate line so that the 
tether wire may pass through the aligned loops (426) • 
Figure 36B shows an end view of the stent (428) , and in 
particular, emphasizes the tighter fold of the stent 
(428) . When expanded by removal of the tether wire 
(420) , the stent (428) in Figure 36B assumes the form 
shown in Figure 33C. In Figure 33C may be seen the 
guidewire (424) within the lumen of the stent (428) and 
the loops (426) which were formerly in a generally linear 
15 relationship having a tether wire passing through them. 

Figures 37A-C show a schematic procedure for 
deploying the stent (430) (or stent-graft) using a 
percutaneous catheter assembly (432) . 

In Figure 37A may be seen a percutaneous 
20 catheter assembly (432) which has been inserted to a 

. selected site (434) within a body lumen. The stent (430) 
is folded about the guidewire and guidewire tube (436) 
held axially in place prior to deployment by distal 
barrier (438) and proximal barrier (440) • The distal 
25 barrier (438) and proximal barrier (440) typically are 
affixed to the guidewire tube (436) . The tether wire 
(420) is shown extending through loops (426) proximally 
through the catheter assembly's (432) outer jacket (442) 
through to outside the body. 

Figure 37B shows the removal of the tether wire 
(420) from a portion of the loops (426) to partially 
expand the stent (43 0) onto the selected site (434) . 

Figure 37C shows the final removal of the 
tether wire (420) from the loops (426) and the retraction 
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of the catheter assembly (432) from the interior of the 
stent (430) . The stent (430) is shown as fully expanded. 

Figure 38 shows a close-up of a stent fold line 
having the familiar herringbone pattern of the "sack 
knot" used to close the fold in the stent. This knot is 
the one used to hold, e.g., burlap sacks of feed grain 
closed prior to use and yet allow ease of opening when 
the sack is to be opened. In this variation, the slip 
line has a fixed end (520) and a release end (522) . 
loops of the slip line pass through the eyelets (524) on 
the side of the stent fold associated with the fixed end 
(520) and are held in place by eyelets (526) on the side 
of the stent fold associated with the release end (522) . 
The fixed end (520) is not typically tied to the stent so 
to allow removal of the slip line after deployment. The 
eyelets (524 and 526) are desirable but optional. The 
eyelets (524 and 526) may be wire or polymeric thread or 
the like tied to the stent structure at the edge of the 
stent fold. If so desired, the loops may be dispensed 
with and the slip line woven directly into the stent 
structure. The self -expanding stent may be deployed by 
pulling axially on release end (522) as shown by the 
arrow in the drawing. 

Figures 39 and 40 show front quarter views of 
folded stents using the knot shown in Figure 38. Figure 
39 shows the use of a single stent fold similar in 
configuration to those described above. As was shown in 
Figure 38, the fixed end (520) portion of the slip line 
is associated with a row of eyelets (524) which are tied 
or otherwise fixed to the stent. The release end (522) 
is associated with the other row of eyelets (526) . 

Figure 37 depicts the use of multiple stent 
folds each having a fixed end (520 & 53 0) and a release 
end (522 Sc 532) on their respective slip lines. 
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The variations of the invention shown in 
Figures 38-40 may be introduced in to the body using the 
procedures outlined above with relation to Figures 34-37. 

Although we generally discuss the deployment of 
5 the stent or stent -graft using a catheter, often deployed 
percutaneously, it should be apparent that the procedure 
and the folded stent or stent -graft are not so limited. 
•The folded stent or stent-graft may also be deployed 
through artificial or natural body openings with a sheath 
10 or endoscopic delivery device perhaps without a 

guidewire. Similarly, the stent or stent graft may be 
delivered manually during a surgical procedure. 

Many alterations and modifications may be made 
by those of ordinary skill in the art without departing 
15 from the spirit and scope of the invention. The 

illustrated embodiments have been shown only for purposes 
of clarity and examples, and should not be taken as 
limiting the invention as defined by the following 
claims, which include all equivalents, whether now or 
20 later devised. 
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WE CLAIM AS OUR INVENTION: 

1. A stent for introduction into a body lumen having: a 
generally cylindrical form with two ends, a passageway 
having a radius extending between those ends, and an axis 
extending along said passageway, said stent comprising: 
at least one assembly comprising at least one 
torsion member, said torsion member being situated so 
that when said assembly is distorted, said torsion member 
is twisted. 



2. The stent of claim 1 where the at least one assembly 
is a helically aligned torsion member defining said 
cylinder, said helically aligned torsion member having 
undulating elements having unconfining apexes. 

3. The stent of claim 2 wherein said undulating elements 
are arranged so that said apexes are in an 
intercooperating phased relationship between adjacent 
helical turns. 



4. The stent of claim 3 additionally comprising at least 
one flexible link passing through said undulating 
elements on adjacent helical turns. 

5. The stent of claim 1 wherein said at least one torsion 
member is positioned so to cause the stent to be self- 
expanding upon release of the distortion. 

6. The stent of claim 1 where the stent is formed of 
wire . 

7. The stent of claim 2 where the torsion member 
comprises a material selected from stainless steels. 
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cobalt chromium alloys, platinum/ tungsten alloys, and 
nickel -titanium alloys. 

8 . The stent of claim 7 where the torsion member 
5 comprises a superelastic alloy. 

9. The stent of claim 8 where the torsion member 
comprises nitiriol. 

10 10. The stent of claim 2 where the torsion member 
comprises a sheet material. 

11- The stent of claim 2 where the torsion member is 
produced from tubing. 

15 

12. The stent of claim 4 wherein the flexible link is a 
polymeric thread or wire. 

13. The stent of claim 1 where the at least one assembly 
20 is at least one ring assembly extending circumf erentially 

about said passageway, each said ring assembly containing 
at least one torsion member approximately parallel to 
said axis, said torsion member being situated so that 
when said ring assembly is distorted, said torsion member 
25 is twisted, 

14. The stent of claim 13 comprising more than one ring 
assembly. 

30 15. The stent of claim 14 where the ring assemblies are 
joined with tie members which are generally parallel to 
said axis. 
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16. The stent of claim 1 additionally comprising a 
tubular member coaxial with at least a portion of the 
passageway. 

5 17. The stent of claim 16 where the tubular member 
comprises a material selected from polyethylene, 
polypropylene, polyglycolic acid, polyesters, polyamides, 
their mixtures, blends, copolymers, mixtures, blends and 
copolymers; polyesters, polyaramids, polyf luorocarbons , 
10 and porous or nonporous polyurethanes ; and collagenous 
materials . 

18. The stent of claim 16 where the tubular member 
comprises porous or non-porous polytetraf luoroethylene . 

15 

19. The stent of claim 17 additionally comprising a 
collagenous material. 

20. The stent of claim 20 where the tubular member 
20 comprises porous polytetraf luoroethylene and a 

collagenous material at least partially fills the pores 
of said porous polytetraf luoroethylene tubular member. 

21. The stent of claim 4 where the tubular member 
25 comprises a polymeric non-thrombogenic material. 

22. The stent of claim 17 where the tubular graft member 
is substantially coaxial with the passageway and interior 
to the cylinder and distributively and slidably connected 

30 to said stent component. 

23. The stent of claim 22 wherein the tubular graft 
member is connected to the flexible link. 

35 
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24. A method for the introduction of stent into a body 
lumen comprising the steps of: 

introducing a collapsed stent having two ends 
5 and a longitudinal axis between those ends and comprising 
at least one assembly comprising at least one torsion 
member, said torsion member being situated so that when 
said assembly is distorted, said torsion member is 
twisted, to a selected site in a body lumen, 

releasing the collapsed stent so to cause a 
twisted torsion member to untwist and to expand the stent 
at the selected site in a body lumen* 

25. The method of claim 24 wherein said stent does not 
15 change in length during collapsing or releasing of the 

stent . 

26. The method of claim 24 in which the selected site is 
vascular. 

20 

27. The method of claim 24 in which the stent is folded. 

28. The method of claim 27 in which the folded stent is 
held in a collapsed condition prior to release by a 

25 sliding sheath exterior to the collapsed stent. 

29. The method of claim 27 in which the folded stent is 
held in a collapsed condition prior to release by a slip 
line interwoven with said stent. 

30 

30. The method of claim 29 in which the slip line is in 
the form of a sack knot. 
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31. The method of claim 24 in which the stent is 
metallic. 



10 



32. The method of claim 31 in which the stent is a super- 
elastic alloy. 

33. The method of claim 31 in which the stent is nitinol. 

34. The method of claim 24 where the stent, after 
release, comprises a generally cylindrical form with two 
ends, a passageway having a radius extending between 
those ends, and an axis extending along said passageway, 
where said stent comprises 

at least one helically aligned torsion member 
15 defining said cylinder, and said helically aligned 
torsion member has undulating elements, and 

at least one flexible link passing through said 
undulating elements on adjacent helical turns. 

20 35. The method of claim 34 where said undulating elements 
are arranged in an intercooperating phased relationship 
between adjacent helical turns. 

36. The method of claim 35 where said flexible link 

25 maintains said undulating elements in phased relationship 
between adjacent helical turns. 

37. The method of claim 24 wherein the stent further 
comprises a tubular member coaxial to at least a portion 

30 of the passageway. 

38. The method of claim 37 wherein the tubular member is 
frangible. 

35 
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39. The method of claim 37 in which the tubular is a 
polymeric nonthrombogenic material. 

40. The method of claim 37 where the tubular member 
5 comprises a material selected from polyethylene, 

polypropylene, polyglycolic acid, polyesters, polyamides, 
their mixtures, blends, copolymers, mixtures, blends and 
copolymers; polyesters, polyaramids, polyf luorocarbons , 
and- porous or nonporous polyurethanes ; and collagenous 
10 materials. 

41. The method of claim 40 where the tubular member 
comprises porous or non-porous polytetraf luoroethylene. 

15 42. The method of claim 40 additionally comprising a 
collagenous material. 

43. The method of claim 42 where the tubular member 
comprises porous polytetraf luoroethylene and a 

20 collagenous material at least partially fills the pores 
of said porous polytetraf luoroethylene tubular member. 

44. The method of claim 37 where the tubular member 
comprises a collagen-based material. 

25 

45. The method of claim 3 7 where the tubular member 
additionally comprises reinforcing fibers within said 
tubular member. 

30 46. The method of claim 37 where the tubular member 
additionally comprises radiopaque fibers within said 
tubular member. 
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47. The method of claim 44 where the collagen -based 
material comprises a pharmaceutically acceptable collagen 
chemically conjugated to a synthetic hydrophilic polymer. 

5 

48. The method of claim 24 where the at least one 
assembly is at least one ring assembly extending 
circumferentially about said passageway, each said ring 
assembly containing at least one torsion member 

10 approximately parallel to said axis, said torsion member 
being situated so that when said ring assembly is 
distorted, said torsion member is twisted. 

49. The method of claim 48 comprising more than one ring 
15 assembly. 

50. The method of claim 49 where the ring assemblies are 
joined with tie members which are generally parallel to 
said axis. 

20 
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